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Remarks 

Reconsideration of this Application is respectfully requested. 

Upon entry of the foregoing amendment, claims 23-35 and 37-78 are pending in 
the application, with 23, 40, 51, 66, 75 and 77 being the independent claims. Claim 36 is 
sought to be cancelled without prejudice to or disclaimer of the subject matter therein. 
Claims 29, 30, 32, 33, 55, 56, 58 and 59 are sought to be amended. Support for the 
amendments can be found in the claims as originally filed and throughout the 
specification. These changes are believed to introduce no new matter, and their entry is 
respectfully requested. 

Based on the above amendment and the following remarks, Applicants 
respectfully request that the Examiner reconsider all outstanding objections and 
rejections and that they be withdrawn. 

/• Election /Restriction 

The Examiner acknowledged Applicants' election with traverse of Group I, 
claims 23-74. It is the Examiner's position that the requirement is still deemed proper 
and therefore made it final. {See Office Action, page 2.) 

Applicants note that the claims of Group I, drawn to an antibody that binds to a 
protein whose sequence is shown in SEQ ID NO:2 and/or which is encoded by the 
cDNA contained in ATCC Deposit Number 209003, and the claims of Group II, drawn 
to a method of screening for a compound which binds to a protein whose sequence is 
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shown in SEQ ID NO:2 and/or which is encoded by the cDNA contained in ATCC 
Deposit Number 209003, are related as between a product (Group I) and a process for 
using the product (Group II). Further, the process claims of Group II depend from and 
include all the limitations of the product claims of Group I. 

In light of the decisions in In re Ochiai, 71 F.3d 1565, 37 USPQ2d 1127 (Fed. 
Cir. 1995) and In re Brouwer, 11 F.3d 422, 37 USPQ2d 1663 (Fed. Cir. 1996), a notice 
was published in the Official Gazette which set forth new guidelines for the treatment of 
product and process claims. See 1184 OG 86 (March 26, 1996). Specifically, the notice 
states that 

in the case of an elected product claim, rejoinder will be 
permitted when a product claim is found allowable and the 
withdrawn process claim depends from or otherwise 
includes all the limitations of an allowed product claim. 

Id. (emphasis added). Accordingly, if the elected claims of Group I are found allowable, 

Applicants respectfully request that the claims of Group II be rejoined and examined for 

patentability based on the reasons discussed above. 



//. Objections to the Specification 

The Examiner withdrew the objections to the specification. {See Office Action, 
page 3.) Applicants thank the Examiner for the withdrawal of these objections. 
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///. Rejections under 35 U.S.C. § 112, Second Paragraph 

The Examiner withdrew the rejection of claims 39, 50, 65 and 74 under 35 U.S.C. 
§ 1 12, second paragraph, in view of Applicants' arguments. (See Office Action, page 3.) 
Applicants thank the Examiner for the withdrawal of these rejections. 



IV. Rejections under 35 U.S.C. § 101 

The Examiner maintained the rejection of claims 23-74 under 35 U.S.C. § 101 as 

allegedly "not supported by either a specific and substantial asserted utility or a well 

established utility." (Office Action, page 3.) According to the Examiner, 

as was set forth in Brenner v. Manson, 383 U.S. 519 
(1966), the instant invention lacks a specific and 
substantial real world utility absent elucidation of the 
biological function of the disclosed protein agonist which 
the claimed antibody is directed and any role that the 
antibodies identified as modulators of the protein would 
play in modulation or identification of any disease state 
associated with that biological function. Without further 
research and experimentation, the claimed antibodies do 
not provide an immediate benefit to the public. 

(Office Action, pages 4-5.) 

A. The Examiner's Reliance on Brenner v. Manson is Misguided 
Applicants respectfully emphasize that the specification does disclose at least one 

specific and substantial utility of the EBI-2 G-protein coupled receptor. Moreover, it is 

apparent that the instant case is not analogous to the situation in Brenner v. Manson, 

contrary to the Examiner's implication. 

In Brenner, the issue was not whether a disclosed utility was sufficient. Rather, 

the applicant was trying to establish an earlier date of invention for the purpose of 
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provoking an interference. 383 U.S. at 521. Indeed, the examiner's initial basis for 

refusing to declare an interference was that the applicant had failed to disclose any utility 

at all. Id. at 521. Thus, the issue in Brenner was whether the applicant had made an 

adequate "showing" to establish a prior date of invention, i.e., whether "the process claim 

has been reduced to production of a product shown to be useful" through actual 

demonstration of the utility. Id. at 534. The only evidence offered by the applicant to 

make this showing was a reference to an article by a third party showing the activity of 

an adjacent homologue of the subject steroid compound. See id. at 521-522. The 

appellate court agreed that the applicant had done nothing to show or demonstrate that 

the compound was indeed useful. See id. at 521. Thus, it upheld the rejection of the 

request for declaration of an interference. Id. at 536. 

In contrast, the issue in the present case is whether the instant application 

explicitly teaches at least one utility that meets the requirements of § 101. Applicants 

submit that the specification discloses a number of specific uses for EBI-2 G-protein 

coupled receptor molecules. Further, the Federal Circuit has recently articulated the 

standard for utility in light of Brenner: 

The threshold of utility is not high: An invention is 
"useful" under section 101 if it is capable of providing 
some identifiable benefit. See Brenner v. Manson, 383 
U.S. 519, 534 (1996); Brooktree Corp. v. Advanced Micro 
Devices, Inc., 977 F.2d 1555, 1571 (Fed. Cir. 1992) ("To 
violate § 101 the claimed device must be totally incapable 
of achieving a useful result"); Fuller v. Berger, 120 F. 274, 
275 (7th Cir. 1903) (test for utility is whether invention "is 
capable of serving any beneficial end"). 
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Juicy Whip, Inc. v. Orange Bang Inc., 185 F.3d 1364, 1366, 51 USPQ2d 1700, 1702 
(Fed. Cir. 1999). Clearly the claimed invention is capable of providing some identifiable 
benefit, i.e., antibodies raised against EBI-2 G-protein coupled receptor are capable of 
being useful as therapeutics for myocardial infarction. In fact, as shown previously in 
Applicants 1 Amendment and Reply Under 37 C.F.R. § 1.111 filed May 6, 2003, 
antagonists to the EBI-2 receptor, such as the claimed antibodies, can be used as 
suggested in the specification to treat myocardial infarction. 

A The Specification Discloses at Least One Specific Utility 

The Examiner asserted that 

no disclosure is provided within the instant specification as 
to any specific biological function of the polypeptide 
having SEQ ID NO:2 or any specific disease where the 
claimed invention could be used. Speculating a function of 
a protein merely based on homology is not predictive. Any 
benefit to the public is speculative at best. 

(Office Action, page 5.) 

The assertion that the specification fails to disclose a specific biological function 

or any specific disease state where the claimed invention could be used is simply 

incorrect. Regarding the specificity of an asserted use, the Utility Guidelines define 

"specific utility" as a utility that 

is specific to the subject matter claimed. This contrasts 
with a general utility that would be applicable to the broad 
class of the invention. . . . For example, indicating that a 
compound maybe useful in treating unspecified disorders, 
or that the compound has "useful biological" properties, 
would not be sufficient to define a specific utility for the 
compound. 

MPEP § 2107.01 at 2100-32. 
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Applicants assert that the specification does not assert that the claimed invention 
"maybe useful in treating unspecified disorders." The specification indicates that "GPCR 
molecules and their associated G-proteins have been implicated in . . . adenylyl cyclase 
signal channels . . . (Specification, \ [0035].) Further, in view of the expression sites 
of EBI-2 G-protein coupled receptor, its amino acid sequence as well as the knowledge 
of other G-protein coupled receptors, among other things, it was asserted in the 
specification that antagonists of the EBI-2 G-protein coupled receptor can be used to 
treat, inter alia, myocardial infarction. The specification also discloses examples of 
inhibitors of the EBI-2 G-protein coupled receptor which include antibodies, small 
molecules and soluble forms of the receptor. {See Specification, fflj [0097] and [0099].) 
The use of antibodies against EBI-2 G-protein coupled receptor molecules to treat, for 
example, myocardial infarction is a specific use that is not generally applicable to all 
G-protein coupled receptors, much less to all proteins. Thus, Applicants submit that the 
specification discloses at least one specific utility for the claimed invention. 

In addition, the Examiner appears to take into consideration only the homology 
information provided for EBI-2 G-protein coupled receptor. In response, Applicants 
note that, according to the USPTO, "there is no per se rule regarding homology, and each 
application must be judged on its own merits." (Federal Register, Vol. 66, No. 4, 1096 
(Friday, January 5, 2001).) As appreciated by those of ordinary skill in the art, in many 
instances sequence similarity is predictive of protein function. Nevertheless, it is evident 
from the record that Applicants have provided more than just homology information in 
support of the assertions of utility for the claimed invention. 
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Moreover, Applicants note that "Office personnel should be careful . . . not to 

label certain types of inventions as . . . Speculative 1 as such labels do not provide the 

correct focus for the evaluation of an assertion of utility." MPEP §2107.02 at 2100-40. 

Contrary to what the Examiner suggests, Applicants need not confirm any asserted 

utility. An assertion of utility need only be "reasonably predictive" (as opposed to 

"reasonably confirmed"); it need not be a "statistical certainty." See, e.g., Rey-Bellet v. 

EnglehardU 493 F.2d 1380 (CPPA 1974); MPEP § 2107.01; Nelson v. Bowler, 626 F.2d 

853, 856-57 (CPPA 1980). The standard is whether one skilled in the art would 

reasonably conclude that the asserted utility is more likely than not true. Applicants 1 

assertion of utility is more than mere speculation. Based on the evidence on record, 

Applicants assert that this standard has been satisfied. 

G There is a Nexus Between the Diseases Discussed in the Specification 
and the Claimed Subject Matter. 

It is also the Examinees position that 

[t]he claimed antibody is directed against the protein of 
SEQ ID NO:2, which is an orphan receptor without a 
known ligand and whose biological function is unknown. 
The specification does not disclose a nexus between the 
orphan receptor and heart disease or any other pathological 
condition for that matter. The fact that the protein is an 
orphan receptor indicates that its role in any putative 
disease progress has yet to be elucidated. In the absence of 
any data as to the receptor's biological function, there is no 
basis upon which to base a specific or substantial utility 
for the claimed antibody. 

(Office Action, page 5.) 

The Examiner appears to require that Applicants demonstrate a reasonable 

linkage or nexus between the claimed antibodies against EBI-2 G-protein coupled 
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receptors, and each specific and substantial utility disclosed in the specification, or at 
least the generic "category" of utilities disclosed. As Applicants understand the 
Examiner's position, the skilled artisan should be able to reasonably confirm a specific 
and substantial utility without further research. 

While not agreeing with the Examiner's position, Applicants nonetheless point 
out that a reasonable linkage or nexus between the claimed antibodies against EBI-2 G- 
protein coupled receptors, and the general category of specific and substantial utilities 
disclosed in the specification does, indeed exist. Applicants identified the EBI-2 G- 
protein coupled receptors in cDNA libraries from umbilical vein endothelial cells 
(vascular tissue), neutrophil leukocyte cells (myeloid tissue, derived from the same 
progenitor cells as lymphoid tissue) and corpus callosum cells (brain or nervous tissue). 
{See Specification, \ [0032].) Given the expression of EBI-2 mRNA in these tissues, one 
of ordinary skill in the art would logically expect functions and utilities related to 
vascular, cardiac or nervous system disorders. 

In addition, the G protein-coupled receptor encoded by SEQ ID NO:l is closely 
related to certain G protein-coupled receptors known to be induced upon Epstein-Barr 
virus (EBV) infection. {See Specification, ^ [0003].) These related EBI receptors are 
primarily expressed in lymphoid tissues and are related to thrombin receptors. See 
Birkenbach et al. 9 J. Virol 57:2209-2220 (1993)(Exhibit A). Further, EBV and related 
gamma-herpesvirus infections are often associated with vascular and cardiac diseases. 
See, e.g., Kikuta et a/., J. Pediatr. 725:90-92 (1993)(Exhibit B); and Tyson et al. 9 South, 
Med. J. 52:1184-1187 (1989)(Exhibit C). 
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Based on the relationship to EBI receptors, one of ordinary skill in the art would 

again logically expect functions and utilities related to cardiac disorders. As such, there 

is clearly a direct nexus between the G-protein coupled receptor (EBI-2) and heart 

disease, specifically myocardial infarction. Thus, the claimed antibodies certainly 

provide an identifiable benefit which is easily linked to diseases and disorders disclosed 

in the specification. 

Indeed, the reasonableness of the asserted utility was confirmed by Hollopeter et 
ah, Nature 409(68 77):202-7 (2001), which was submitted with the Amendment and 
Reply Under 37 C.F.R. § 1.111 filed May 6, 2003. Hollopeter et ah demonstrate that the 
EBI-2 receptor of the present invention is primarily expressed in platelets (myeloid 
lineage) and brain {see Fig. 4), and that differential EBI-2 expression may indicate a 
perturbation in platelet aggregation, which can lead to cardiovascular diseases, including 
myocardial infarction. Thus, this publication confirms a reasonable nexus between EBI- 
2 as disclosed in the present application, and the treatment and/or detection of heart 
disease. 

D. The Specification Discloses at Least One Specific and Substantial 
Utility 

The Examiner further alleged that the claimed invention does not have at least 

one asserted, specific utility which is substantial. {See Office Action, page 6.) In 

particular, the Examiner indicated that 

Applicants assert that the specification [0035, page 8, 
0097, page 23, 0098, page 24, 0099, page 24], discloses a 
role of the claimed invention in potential diverse 
therapeutic and diagnostic applications including mental 
disorders, cancer, migraine, eating disorders, asthma, heart 
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disease, psychoses, restenosis, Alzheimer's disease, 
Parkinson's disease, atherosclerosis and a number of 
others. The applicants' disclosure provides a large list of 
diseases allegedly associated with the polypeptide of SEQ 
ID NO:2, but fails to disclose the specific role of the 
disclosed protein in any of these diseases. 

(Office Action, page 6.) 

Applicants respectfully re-emphasize that the specification discloses at least one 
specific and substantial utility for the claimed invention. A substantial utility is one that 
defines a "real world" use. In addition, "any reasonable use that an applicant has 
identified for the invention that can be viewed as providing a public benefit should be 
accepted as sufficient, at least with regard to defining a 'substantial' utility." MPEP § 
2107.01 at 2100-33. Further, a therapeutic method of treating a known disease defines a 
"real world" context of use. Id. at 2100-32. The use of antibodies which bind to the 
EBI-2 G protein coupled receptor molecules to treat a known disease, for example, 
myocardial infarction, is a substantial utility as it provides a benefit to the public. 

Applicants further note that they need only provide one credible assertion of 
specific and substantial utility for the claimed invention to satisfy the utility requirement 
of § 101. See MPEP § 2107.02 at 2100-37. Additional statements of utility, even if not 
"credible," do not render the claimed invention lacking in utility. See id.\ see also 
Raytheon v. Roper, 220 U.S.P.Q. 592, 598 (Fed. Cir. 1983), cert denied, 469 U.S. 835 
(1984) ("When a properly claimed invention meets at least one stated objective, utility 
under 35 U.S.C. § 101 is clearly shown."). 

The specification discloses that G-protein coupled receptor molecules, such as 
EBI-2 G protein coupled receptor, and their associated G-proteins have been implicated 
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in adenylyl cyclase signal channels. (See specification, f [0035].) Further, the 
specification discloses that antagonists to the EBI-2 G protein coupled receptor, such as 
the claimed monoclonal antibodies, would be useful for the treatment of myocardial 
infarction. (See, e.g., specification, paragraphs [0097] and [0099].) 

Consistent with the specification, Hollopeter et al. (previously submitted) and 
Dorsam et al, The Journal of Clinical Investigation 773:340-345 (2004) (Exhibit D) 
disclose that the EBI-2 G protein coupled receptor is coupled to the inhibition of 
adenylyl cyclase which leads to platelet aggregation. Also consistent with the 
specification, the authors of these publications indicate that perturbations in this EBI-2 
receptor-mediated activity can lead to cardiovascular diseases, including myocardial 
infarction, and that antagonists to the EBI-2 receptor would be useful to treat myocardial 
infarction. 

The references of record confirm that antagonists to the EBI-2 receptor, such as 

the claimed antibodies, can be used as suggested in the specification, i.e. to treat 

myocardial infarction. As such, Applicants have disclosed a "therapeutic method of 

treating a known disease." Since one skilled in the art can use the claimed discovery in a 

manner which provides some immediate benefit to the public, Applicants submit that the 

disclosed utilities are substantial utilities as they provide real world value. 

E. The Use of Post-filing Date References to Substantiate Assertions of 
Utility is Proper 

The Examiner further asserted that: 

Applicants point to the findings of Wang, Hollopeter and 
Chattaraj in order to establish a utility of the instant 
invention. However, Applicants have failed to disclose an 
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asserted, substantial and specific utility of their invention 
in the specification at the time [of] filing the instant 
application. 

(Office Action, page 7.) 

Applicants assert that they are not using post-filing date art to establish utility for 
the claimed invention. Rather, Applicants have brought post-filing date art to the 
attention of the Examiner to substantiate one of the substantial utilities specifically 
asserted in the specification. Applicants note that both the PTO and Federal Circuit 
indicate that post-filing art can be used to substantiate a specific and substantial utility 
asserted in the specification. In In re Brana, 51 F.3d 1560 (Fed. Cir. 1995), the Federal 
Circuit expressly recognized the use of post-filing date declarations and references to 
substantiate any doubts as to an asserted utility of an invention so long as the reference 
"pertains to the accuracy of a statement already in the specification. ... It does not 
render an insufficient disclosure enabling, but instead goes to prove that the disclosure 
was in fact enabling when filed (i.e., demonstrated utility). 11 In re Brana, 51 F.3d 1560, 
1567 n. 19 (Fed. Cir. 1995). 

In addition, the MPEP § 2107.02 states that "[i]n appropriate situations the Office 

may require an applicant to substantiate an asserted utility for a claimed invention. See 

In re Pottier, 376 F.2d 328, 330, 153 USPQ 407, 408 (CCPA 1976)." Furthermore: 

If the applicant responds to the prima facie [35 U.S.C. § 
101] rejection, Office personnel should review the original 
disclosure, any evidence relied upon in establishing the 
prima facie showing, any claim amendments, and any new 
reasoning or evidence provided by the applicant in support 
of an asserted specific and substantial credible utility. 
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MPEP § 2107.02 at 2100-43 {emphasis added). Thus, Applicants may provide "any 
new reasoning or evidence" such as post filing art references to substantiate an asserted 
utility. 

Thus, Applicants submit that the use of post- filing date references and the data 
provided therein to corroborate assertions of utility with respect to the instant invention 
is proper. Applicants respectfully assert, therefore, that the remarks and arguments 
relating to post-filing date references in response to the utility rejection made in the 
Amendment and Reply Under 37 C.F.R. § 1.111 filed May 6, 2003, are fully applicable 
and are incorporated by reference herein. 

The Examiner also cited In re Kirk for the proposition that Applicants cannot 

satisfy the requirements of the statutes by indicating the 
usefulness of a claimed compound in terms of possible use 
so general as to be meaningless and then, after his research 
or that of his competitors has definitely ascertained an 
actual use for the compound, adducing evidence intended 
to show that a particular specific use would have been 
obvious .... 

(Office Action, page 7.) 

As discussed supra, Applicants can provide post-filing date references as 

evidence of corroboration of an asserted utility. Further, Applicants acknowledge that 

"nebulous expressions, such as TDiological activity 1 or Tsiological properties, 1 disclosed in 

a specification convey little explicit indication regarding the utility of a compound." 

Cross v. Iizuka, 753 F.2d 1040, 1048 (Fed. Cir. 1985) (quoting In re Kirk, 376 F.2d 936, 

941 (CCPA 1967). However, unlike the applicants in In re Kirk who asserted in the 

specification that the claimed steroid compounds possess "high biological activity," 
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Applicants have not defined the utility of the presently claimed invention using such 
general and meaningless expressions. Rather, the specification discloses the use of the 
claimed EBI-2 G-protein coupled receptor antibodies to treat, for example, myocardial 
infarction. Such an expression clearly conveys an explicit indication regarding the utility 
of the claimed compounds. 

Applicants have asserted that the claimed antibodies can be used, for example, 
for the diagnosis and/or treatment of heart diseases such as myocardial infarction. In 
view of the facts and relationships set out above, Applicants submit that this assertion is 
not only specific and substantial, but credible as well, i.e., the assertion is at least 
believable to, and would not be considered false by, a person of ordinary skill in the art. 
See MPEP § 2107.02 at 2100-40. Since the presently claimed invention possesses a 
credible, specific and substantial utility that constitutes a patentable utility under 35 
U.S.C. § 101, Applicants respectfully request that the Examiner reconsider and withdraw 
the rejection of the claims under 35 U.S.C. § 101. 

V. Rejections under 35 U.S.C. § 112, First Paragraph 
A. Enablement 

The Examiner maintained the rejection of claims 23-74 under 35 U.S.C. § 112, 
first paragraph, as allegedly lacking enablement. (See Office Action, page 7.) hi 
particular, it is the Examiner's position that !l [s]ince the claimed invention is not 
supported by either a credible, specific and substantial asserted utility or a well 
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established utility for the reason set forth above, one skilled in the art clearly would not 
know how to use the claimed invention." (Id,) 

For the reasons discussed above in reply to the rejection under 35 U.S.C. § 101, 
Applicants assert that the claimed invention complies with current case law and is 
supported by a specific, substantial and credible utility as well. The Examiner "should 
not impose a 35 U.S.C. 112, first paragraph, rejection grounded on a f lack of utility 1 basis 
unless a 35 U.S.C. 101 rejection is proper." MPEP § 2107.01 at 2100-36. Therefore, 
since the claimed invention complies with the utility requirement of 35 U.S.C. § 101, the 
rejection under 35 U.S.C. § 112, first paragraph, based on the alleged lack of utility of 
the claimed invention, should be withdrawn. 

The Examiner has withdrawn the rejection of claims 39, 50, 65 and 74 under 35 
U.S.C. § 112, first paragraph, in view of Applicants 1 arguments. (See Office Action, 
page 8.) Applicants thank the Examiner for the withdrawal of these rejections. 

B. Written Description 

The Examiner has withdrawn the rejection of claims 39, 50, 65 and 74 under 35 
U.S.C. § 112, first paragraph, in view of Applicants 1 arguments and/or amendments. 
(See Office Action, page 8.) Applicants thank the Examiner for the withdrawal of these 
rejections. 

C. Deposit Rules 

The Examiner has withdrawn the rejection of claims 51-74 under 35 U.S.C. § 
112, first paragraph, in view of Applicants' Statement filed May 6, 2003. (See Office 
Action, page 9.) Applicants thank the Examiner for the withdrawal of these rejections. 
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VI. New Grounds of Rejection 

A. Rejections under 35 U.S.C. § 112, Second Paragraph 

The Examiner rejected claims 29 and 30 under 35 U.S.C. § 112, second 
paragraph, as allegedly "being vague and indefinite for failing to particularly point out 
and distinctly claim the subject matter which applicant regards as the invention." (Office 
Action, page 9.) Specifically, the Examiner asserted that "[i]t is not clear how 
! hybridoma technique* differ[s] from the human B-cell hybridoma technique and the 
EBV-hybridoma technique. Further, it is unclear which hybridoma technique claim 30 
refers back to." (Id.) 

Applicants respectfully disagree with the Examiner. However, solely to advance 
prosecution, and not in acquiescence to the Examiner's rejection, Applicants have 
amended claims 29, 32, 33, 55, 58 and 59 to further clarify methods by which the 
claimed antibodies can be produced. Applicants submit that these claims clearly 
particularly point out and distinctly claim the subject matter which Applicants regard as 
the invention. Thus, Applicants respectfully request that the Examiner reconsider and 
withdraw this rejection. 

B. Rejections under 35 U.S.C. § 112, First Paragraph 
1. Written Description 

The Examiner rejected claim 36 under 35 U.S.C. § 112, first paragraph, as 
allegedly failing to comply with the written description requirement. (See Office Action, 
page 9.) Applicants believe that claim 36 contains subject matter that was described in 
the specification in such a way as to reasonably convey to one skilled in the relevant art 

372015-1 



-29- 

Li et al. 
Appl. No. 09/827,937 

that the inventors, at the time the application was filed, had possession of the claimed 
invention. Furthermore, methods of producing antibodies using transgenic mice, e.g. 
mice engineered to produce human antibodies, were well known in the art as of the 
earliest effective filing date of the instant application. However, solely to advance 
prosecution, and not in acquiescence to the Examiner's rejection, Applicants have 
canceled claim 36, thereby rendering the rejection moot. Thus, Applicants respectfully 
request that the Examiner reconsider and withdraw this rejection. 
2. Enablement 

The Examiner rejected claim 36 under 35 U.S.C. § 112, first paragraph, as 
allegedly failing to comply with the enablement requirement. {See Office Action, page 
12.) Applicants believe that claim 36 contains subject matter that was described in the 
specification in such a way as to enable one skilled in the relevant art to make and use 
the claimed invention without undue experimentation. However, solely to advance 
prosecution, and not in acquiescence to the Examiner's rejection, Applicants have 
canceled claim 36, thereby rendering the rejection moot. Thus, Applicants respectfully 
request that the Examiner reconsider and withdraw this rejection. 

Conclusion 

All of the stated grounds of objection and rejection have been properly traversed, 
accommodated, or rendered moot. Applicants therefore respectfully request that the 
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Examiner reconsider all presently outstanding objections and rejections and that they be 
withdrawn. Applicants believe that a full and complete reply has been made to the 
outstanding Office Action and, as such, the present application is in condition for 
allowance. If the Examiner believes, for any reason, that personal communication will 
expedite prosecution of this application, the Examiner is invited to telephone the 
undersigned at the number provided. 

Prompt and favorable consideration of this Amendment and Reply is respectfully 



requested. 



Respectfully submitted, 



Sterne, Kessler, Goldstein & Fox p.l.l.c. 





Peter A. Jackman 
Attorney for Applicants 
Registration No. 45,986 



1 100 New York Avenue, N.W. 
Washington, D.C. 20005-3934 
(202)371-2600 
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Since Epstein-Barr virus (EBV) infection of Burkitt's lymphoma (BL) cells in vitro reproduces man v of the 3 S* 

. effect ? , of EBV B lymphocytes, mRNAs induced In BL celu£Ttel™Z* A 2 1 

identified by subtractive hybridization. Nine genes encode RNAs which are 4. tn >inn ma ™«1 »k J , . ft 9 

EBV infection. Five others, the genes for cathepsin H, annexin VI (m^^aiT^^n^^Sn 
CD44, and the myristylated alanine-rich protein kinase C «d*r*ah3x£, are JSSSS w«£ 
previously known to be induced by EBV infection. Two novel genes, EBV-induced gene • l^nd 2 W? a „H 
2, respectively) can be predicted from their cJONA sequences to ^G^rZL^l^ JX 
recep ors. EBI 1 ,s expressed exclusively in B- and T-lymphocyte cell lines and in lymphoid ^ t Lu^and VhhSv 
homologous to the interleukin 8 receptors. EBI 2 is most closely related to the tKmSL ™ P Z mfi J 
expressed in B-lymphocyte cell lines and in lymphoid tissues but not in T-lymphocyte cell E?oS«S«l 
blood T lymphocytes. EBI 2 is also expressed at lower levels in a promyelocyte anda Sfte^duffS 

U E p B «^°by ISflSSS.'" " ^ *" « *~ 1™*"* «— ■ " * 




Epstein-Barr Virus (EBV) is the cause of infectious mono- 
nucleosis, a benign proliferation of infected B lymphocytes 
(36), and can also cause acute and rapidly progressive 
B-Iymphoproliferative disease in severely immunocompro- 
mised patients or in experimental infection of tamarins (56). 
Infection of human B lymphocytes in vitro results in expres- 
sion of six virus-encoded nuclear proteins (EBNAs) and two 
virus-encoded membrane proteins (LMPs) (44) and in sub- 
stantially altered cell growth (61, 62). EBV-infected B lym- 
phocytes recapitulate features of antigen stimulation in en- 
larging, increasing RNA synthesis, expressing activation 
antigens and adhesion molecules, differentiating toward im- ' 
munoglobulin (Ig) secretion, and proliferating (10, 26, 31, 61, 
79, 80). Unlike antigen-stimulated B lymphocytes, EBV- 
infected B lymphocytes continue to proliferate in vitro as 
immortalized lymphoblastoid cell lines (62). 

EBV effects on lymphocytes have been studied by com- 
paring the properties of EBV-negative [EBV(-)J Burkitt's 
lymphoma (BL) cell lines and EBV-positive [EBV(+)J de- 
rivatives, infected by EBV, in vitro (12, 21, 61, 66-68). 
EBV(-) BL cells resemble proliferating centroblasts of 
germinal centers, characteristically expressing CD 10, CD20, 
CD77 (BIA), class II antigen, and the carbohydrate recog- 
nized by peanut agglutinin (12, 21, 23, 28-30, 66, 67). Both 
EBV(-) BL cells and centroblasts lack surface IgD and 
antigens associated with early phases of mitogen stimulation 
m vitro, including CD23, CD39, and CD30. In general, 
EBV(+) BL cells closely resemble EBV-infected primary B 
rymphocytes in not expressing CD10 or CD77 and in ex- 
pressing early activation and differentiation markers, vimen- 
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tin, Bac-1, Bcl-2, surface IgD, and CD44 (12, 21, 23 29 35 
66,68, 70, 76, 84-86). ' ' 

Experiments with single-gene transfer into EBV(-) 
B-lymphoma cells or with specifically mutated EBV recom- 
binants reveal that EBNA 2, LMP 1, and EBNA 3C are 
essential for lymphocyte growth transformation and alter 
cellular or viral gene expression. Expression of EBNA 2 
alone in EBV(-) BL cell lines results in enhanced transcrip- 
tion of CD23, CD21 (17, 85, 86), and c-fgr (46). EBNA 2 also 
transactjvates the LMP promoters (22, 87). Analysis of a 
series of EBNA 2 mutants indicates that the ability of EBNA 
2 to transactivate gene expression is tightry linked to its 
essential role in cell growth transformation (16). LMP 1 is 
also critical to the effects of EBV on cell growth. LMP 1 
transforms immortalized rodent fibroblasts (5, 82, 83) and 
induces vimentin, BcI-2, and many of the activation markers 
and adhesion molecules that EBV induces in BL cells or 
pnmary B lymphocytes (8, 35, 84, 85). In EBV(~) BL cells, 
EBNA 3c induces higher-level expression of CD21 (85) 

Since altered B-lymphocyte gene expression is a central 
theme in EBV-induced changes in B-lymphocyte growth, a 
more complete description of the repertoire of EBV-induced 
genes would be advantageous before the investigation of 
specific genes for their role as mediators of EBV effects on 
cell growth. Genes induced by EBV could also be of 
importance in B-lymphocyte immunology because of the 
similar activating and differentiating effects of EBV and 
antigen. Previously, recognition of such genes has been 
based largely on increased expression of lymphocyte surface 
markers (12, 85, 86), defined by monoclonal antibodies 
derived against EBV- or antigen-activated B lymphocytes. 
Few of these surface markers are likely candidates for 
important effectors of EBV- or antigen-induced alterations in 
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lymphocyte growth. The experiments described here use 
subtracted hybridization to identify cDNA clones of RNAs 
which are more abundant in an in vitro-infected EBV(-f) BL 
cell than in the noninfected EBV(-) control BL cell. 

MATERIALS AND METHODS 

Cells and cell lines. BL41 and BL30 are EBV(-) BL cell 
lines. The BL41/B95-8 and BL41/P3HR1 cell lines were 
derived by infecting BL41 with the transforming EBV strain 
B95-8 or the nontransforming strain P3HR1, respectively 
(12, 23). IB4 is a latently infected B lyniphoblastoid cell line 
established by infection of B lymphocytes with EBV (B95-8) 
in vitro. RHEK-1 (a generous gift from Jong Rhim, National 
Cancer Institute) is a human keratinocyte line derived by 
infection of primary foreskin epithelial cells with an adeno- 
virus 12-simian vims 40 hybrid. K562 is a Philadelphia 
chromosome-positive human chronic myeloid leukemia cell 
line. U937 is a histiocytic lymphoma cell line with monocytic 
features. HL60 is a promyelocyte leukemia line. HSB-2 and 
Jurkat are human T lymphoblastic leukemia cell lines. 
TK143 was derived from a human osteosarcoma. 

Human peripheral blood mononuclear cells (PBMCs) were 
purified from peripheral blood by centrifugation on a Ficoll 
cushion (Ficoll-Hypaque; Pharmacia, Vineland, N.L). Ceils 
were resuspended at 10* cells per ml in RPMI 1640 medium 
supplemented with 20% fetal borvine serum and were divided 
into parallel cultures grown for 72 h with or without 2.5 u-g of 
pokeweed mitogen (Sigma, St. Louis, Mo.) per ml. T cells 
were isolated from purified PBMCs by rosetting overnight 
with aminoethylisothiouronium bromide (AET)-treated 
sheep erythrocytes at 4°C followed by centrifugation over 
Ficoll. Pelleted erythrocytes were lysed with ammonium 
chloride. The remaining T cells were resuspended at 10 6 cells 
per ml in RPMI 1640 medium with 20% fetal bovine serum. 
Phytohemagglutinin (Sigma) was added to a final concentra- 
tion of 1.0 jig/ml. Cells were cultured for 72 h and harvested 
for extraction of total cellular RNA. 

RNA preparation and analysis. Cytoplasmic RNA was 
isolated from exponentially growing cells by a modification 
of the acid phenol-guanidinium isothiocyanate extraction 
procedure followed by reprecipitation in guanidinium hydro- 
chloride-ethanol. Total cellular RNA was extracted from 
0.2- to 2-g samples of human spleen and tonsil obtained from 
surgical specimens and from human bone marrow obtaine d 
postmortem. Tissues were homogenized in acid phenol- 
guanidinium isothiocyanate by using a rotary tissue homog- 
enizer, extracted, and precipitated. After dissolution in 
guanidinium hydrochloride and reprecipitation with ethanol, 
human tissue RNA samples were resuspended in H 2 0 and 
precipitated by addition of an equal volume of 8 M LiCL The 
polyadenylated fractions of BL41 or BL41/B95-8 RNA were 
purified by two successive cycles of chromatography on 
oligodeoxythymidylate cellulose. Polyadenylated IB4 RNA 
was purified by a single round of oligodeoxythymidylate 
selection. RNA samples (12 u,g per lane) were size fraction- 
ated on 0.66 M formaldehyde-1% agarose gels and trans- 
ferred to charged nylon membranes (GeneScreen Plus; New 
England Nuclear, Billerica, Mass.) for subsequent hybrid- 
ization analysis. To examine gene expression in other human 
tissues, we used a commercially prepared blot containing 2 
Hg each of polyadenylated heart, brain, placenta, lung, liver, 
kidney, skeletal muscle, and pancreas RNA (Multiple Tissue 
Northern; Clontech, Palo Alto, Calif.). 

Probes were prepared from cloned cDNA inserts by using 
random hexamer primers and [ 32 P)dCTP. The 0-actin probe 



was generated by using a previously described L4-kb cDNA 
(8). The glyceraldehyde phosphate dehydrogenase probe 
was prepared from a commercially obtained DNA fragment 
(Clontech). Filters were hybridized for 18 to 24 h at 47°C in 
a hybridization buffer consisting of 50% formamide, 6x 
SSPE (20 x SSPE is 3.0 M NaCl, 200 mM NaP0 4 [pH 7.4 
and 20 mM EDTA), 1% sodium dodecyl sulfate (SDS), lx 
Denhardt's solution (100 x Denhardt's solution is 2% bovine 
serum albumin, 2% polyvinylpyrrolidone, and 2% Ficoll), 
and 100 u,g of sheared single-stranded herring testis DNA per 
ml. The filters were washed as specified by the manufac- 
turer, with high stringency washes performed at 67 to 70°C in 
1% SDS-0.2X SSC (lx SSC is 0.15 M NaCl plus 0.015 M 
sodium citrate) and exposed to preflashed film (X-Omat AR; 
Kodak, Rochester, N.Y.) at -80°C for 2 h to 10 days. 
Autoradiographic signal intensities were quantitated by den- 
sitometric scanning with a Beckman DU-8 spectrophotome- 
ter equipped with a slab gel Compuset module. Induction 
factors were calculated for each probe as signal intensity 
ratios for EBV(+) versus EBV(-) cells, divided by the ratio 
of p-actin signal intensities. 

cDNA library preparation. First-strand cDNA was pre- 
pared from 5 |xg of polyadenylylated BL41/B95-8 RNA by 
using Moloney murine leukemia virus reverse transcriptase 
(Superscript; Bethesda Research Laboratories, Gaithers- 
burg, Md.) and oligodeoxythymidylate primers in a 100-u,l 
reaction. Second-strand cDNA was synthesized by using 
Escherichia coli DNA polymerase I and RNase H. The 
double-stranded cDNA was blunt ended with T4 DNA 
polymerase and EcoRl methylated. After ligation of £coRI 
linkers, the cDNA was digested with EcoKL and size frac- 
tionated by gel filtration chromatography on Sepharose 
CL-4B. The purified cDNA was ligated to phosphorylated 
lambda gtlO arms (Promega, Madison, Wis.) and packaged 
(Gigapack Gold; Stratagene, La Jolla, Calif.). 

Subtractrve probe preparation. Radiolabeled cDNA was 
prepared from 6 u,g of polyadenylylated BIA1 or BL41/B95-8 
RNA in a 200-uJ reaction containing 50 u.g of random DNA 
hexamers per ml; 0.5 mM each dATP, dGTP, and dTTP; 25 
unlabeled dCTP; 1.0 mCi of [ 32 P]dCTP (800 Ci/mmol; 
New England Nuclear); and 2,000 U of recombinant Molo- 
ney murine leukemia virus reverse transcriptase. Reactions 
were carried out at 42°C for 1 h. After precipitation, reaction 
products were resuspended in 0.1 M NaOH and incubated 
for 20 min at 65°C to hydrolyze RNA templates. Probes were 



neutralized with 0.1 M acetic acid and size fractionated on 
Sephadex G-50. Biotinylated RNA was prepared from poly- 
adenylylated BL41 RNA by using a photoactivatable azido- 
aryl biotin reagent (Photoprobe Biotin; Vector Laboratories, 
Burlingame, Calif.) as specified by the manufacturer. Probe 
fractions were combined with 48 jig (for BL41/B95-8 probe) 
or 12 p,g (for BL41 probe) of biotinylated BL41 RNA and 
precipitated with ethanol. BL41/B95-8 probes were hybrid- 
ized with an eightfold excess (2 mg/ml) of biotinylated BL41 
RNA, whereas BL41 control probes were hybridized with a 
twofold excess (0.5 jtg/ml) of biotinylated BI41 RNA. 
Hybridizations and subtractions were performed with the 
Subtractor kit (Invitrogen, San Diego, Calif.) as specified by 
the manufacturer instructions. The precipitated cDNA-RNA 
mixtures were resuspended in 10 to 20 \i\ of H 2 0 and heated 
to lGWC for 1 min. An equal volume of 2x hybridization 
buffer (Invitrogen) was added, and the mixture was incu- 
bated at 65°C for 20 to 24 h. Following addition of an equal 
volume of HEPES buffer (10 mM iV-2-hydroxyethylpipera- 
zine-AT'-2-ethanesulfonic acid [HEPES; pH 7.5], 1 mM 
EDTA), 20 M-g of streptavidin was added and the mixture 
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was incubated on ice for 10 min. Biotinylated RNA and 
RNA-cDNA duplexes, complexed with avidin, were re- 
moved by repeated phenol-chloroform extractions. The sin- 
gje-stranded, subtracted BL41 cDNA probe which remained 
in the aqueous phase was used directly for in situ filter 
hybridizations. Aqueous-phase BL41/B95-8 cDNA probe 
was precipitated with ethanol and subjected to a second 
round of subtraction under identical conditions prior to use 
in filter hybridizations. Duplicate filters were made from 
145-mm plates containing 6,000 recombinant bacteriophage 
and were hybridized in parallel to equal amounts of BL41/ 
B95-8 or BL41 subtracted probes. The filters were hybrid- 
ized at 48°C for 48 to 72 h in a buffer consisting of 50% 
formamide, 6x SSPE, 1% SDS, 10% dextran sulfate, 2x 
Denhardt's solution, 100 jig of sheared single-stranded her- 
ring testis DNA per ml, and 10 jxg of pory(rA-rU) (Sigma) per 
ml. They were then washed at 72°C in 0.2x SSC and 
exposed to preflashed film (Kodak X-Omat AR) for 3 to 7 
days. Differentially expressed genes were identified by over- 
laying films fiutn ixaxespuudiug ftlLeis. Clones selected un 



TABLE 1. Summary of EBV-induced RNA-DNA clones 



Clone 


Gene 


cDNA size 
(kb) 


. RNA size 
(Kb) 


Induction 0 


1.1 


CD44 


1.3 


1-6, 2.2, 5.0 


>100x 


3.3, 7.3 


CD21 


2.1, 1.8 


4.8 


6.5 


MARCKS 


2.6 


2.9 


30 x 


8.2 


Cathepsin H 


1.5 


1.7 


6x 


10.4, 11.4 


Serglycin 


1.1, 1.1 


1.4 


3.5x 


12.3 


Annexin VI 


2.3 


3.0 


5x 


12.5, 13.0 


Vimentin 


1.0, 1.8 


2.0 


6.4 


EBI 1 


1.2 (2.14)* 


2.4 


21 x 


3.2 


EBI 2 


1.64 


1.9 


>200x 




0-Actin 




2.2 


3x c 



primary screening were rescreened once at low density to 
verify differential expression and for plaque purification. 

Analysis of clones. DNA was extracted from bulk liquid 
cultures of purified lambda gtlO clones and digested with 
EcoRl. cDNA inserts were purified by agarose gel electro- 
phoresis and subcloned into pBluescript(-h). Nucleotide 
sequences were determined and were compared by the 
BLAST algorithm (3) with known sequences resident in the 
National Center for Biotechnology Information data bases 
by using the Experimental GENINFO(R) BLAST Network 
Service, accessed through the Molecular Biology Computer 
Research Resource of the Dana-Farber Cancer Institute. 
Multiple sequence alignments were performed by the 
method of Higgins and Sharp (37), using the CLUSTAL 
program (PCGene; IntelliGenetics, Mountain View, Calif.) 
with open gap and unit gap costs of 10. 

Nucleotide sequence accession numbers. GenBank acces- 
sion numbers are L08176 for EBI 1 and L08177 for EBI 2. 



RESULTS 

Identification of cDNA clones of EBV-induced RNAs by 
subtracted-probe hybridization. cDNA clones of RNA from 
an in vitro EBV-infected BL cell line, BL41/B95-8 [EBV(+) 
BL41], were differentially screened with an EBV(+) BL41 
cDNA probe from which sequences complementary to 
EBV(-) BL41 cell RNA had been specifically removed and 
with an EBV(-) BL41 control cDNA probe. Sequences 
complementary to EBV(-) BL41 RNA were removed from 
the EBV(+) BL41 RNA cDNA probes by two subtractions 
with an eightfold excess of biotinylated EBV(-) BL41 RNA. 
Overall, 85 to 95% of the labeled EBV(+) BL41 probe was 
removed by the two subtractions. EBV(~) BL41 cDNA 
control probe was subtracted only once; this removed 60 to 
85% of the probe, thereby reducing hybridization to plaques 
containing cDNAs from abundant RNAs so that hybridi- 
zation to cDNAs from less abundant BL41 RNAs was 
evident. 

Seventy-five phage cDNA clones differentially hybridized 
to the EBV(+) BL41 probe on the first screen of 75,000 
recombinant phage. Twenty-five clones were consistently 
positive on rescreening. The 18 clones which demonstrated 
the greatest reactivity with the EBV(+) versus the EBV(-) 
BL41 cDNA probes were selected for nucleotide sequencing 
and RNA blot hybridization. 



* Induction levels were calculated as ratio of signal intensities (BL41/B95-8 
to BL41) for individual probes, divided by the ratio of signal intensities for the 
p-actin probe. 

b The 1.2-kb EBI 1 clone identified on the initial screen was incomplete. 
Rescreeniog of the cDNA librajy resulted in isolation of several additional 
full-length clones, the largest of which was 2.14 kb. 

c Induction of p-actin RNA was calculated as the ratio o f actin signal 
intensities [Bvww>-q to HLAl) divided by the ratio of signal intensities T f6r" 
glyceraldehyde phosphate dehydrogenase probe. 



Nucleotide sequences of EBV-induced cDNAs. The first 12 
clones are described in Table 1. Ten clones matched seven 
previously characterized genes: two independent clones 
each of the genes for complement receptor type 2 (CD21), 
the serglycin proteoglycan core protein, and vimentin; and 
one clone each of the genes for cathepsin. H, annexin VI 
(p68), the myristylated alanine-rich protein kinase C sub- 
strate (MARCKS), and the lymphocyte hyaluronic acid 
receptor (CD44). The 2.6-kb MARCKS cDNA precisely 
matched the previous L58-kb human MARCKS cDNA 
clone (32) at its 5' end (7a). The 3' untranslated region of the 
new clone is highly homologous to bovine MARCKS cDNA 
(75). 

The two remaining clones are from novel RNAs, EBV- 
induced genes 1 (EBI 1) and 2 (EBI 2), whose nucleotide 
sequences can be predicted to encode G protein-coupled 
peptide receptors. The complete nucleotide and deduced 
amino acid sequences of the EBI 1 and EBI 2 cDNAs are 
shown in Fig. 1A B, respectively. Because the first EBI 1 
cDNA was 1.2 kb, significantly shorter than the 2.4-kb RNA, 
20 other cDNA clones were obtained by using the initial 
cDNA as a probe. The largest clone is 2,153 nucleotides (nt) 
and has a 1,134-nt open reading frame (Fig. 1A). This clone 
is probably nearly full length, since it is close to the expected 
size, considering that it has only a short poly(A) tail. 
Translation is likely to initiate from either of two AUGs, at 
nt 64 to 66 or nt 82 to 84, the first of which conforms to a 
consensus translational initiation sequence (49). An in-frame 
stop codon at nt 10 to 12 is consistent with translational 
initiation at nt 64 to 66. The polypeptide encoded by the 
sequence beginning at nt 64 has a predicted molecular mass 
of 42.7 kDa and includes eight hydrophobic domains likely to 
mediate membrane insertion. The first hydrophobic domain 
begins at the amino terminus and ends at a predicted signal 
peptidase cleavage site. The seven remaining hydrophobic 
domains are characteristic of the G protein-coupled receptor 
family. A potential asparagine-linked glycosylation site is 
encoded as part of the extracellular amino-terminal segment 
and as part of the third extracellular loop. 

Since the initial EBI 2 cDNA was 1,643 nt and approxi- 
mated the size expected from a 1.9-kb polyadenyiated RNA, 
further cDNA clones were not obtained. The EBI 2 cDNA 
contains a 1,083-nt open reading frame with two methionine 
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GGMTTCCGTAGTGCGAGGCCGGGCACAGCCTTCCTGTGTGGTTTTACCGCCCAGAGAGCGTCATGGACCTGGGGAAACCAATGAAAAGC 90 
*** KETAspLeuGlvLvflPrftMetLvsSer 9 

GTGCTGGTGGTGGCTCTCCTTGTCAITTTCCAGGTATGCCT 180 

yall^uValValAlal^uLeuValllaPheClnVal^^ 39 

CH0###### 

GAC I AC ^™ GT ? CGAGTC Tra 270 

AspTyrThrUuPheGIuSerLeuGysSerLysLYsAspValAr^snPheLvsAlaTrp PheLeuPrQlleMe^rvrSerlleTTA^y ^ 69 

TTCGTGGGCCTACTGGGCAATGGGCTGGTCGTGTTGACCTATATCTATTTCAAGAGGCTCAAGACCATGACCGATACCTACCTGCTCAAC 360 
PheValGlyl^uLeuGlvAfipfflvI^iV/nYfllT^^^ 99 

CTCGCGGTGGCAGACATCCTCTTCCTCCTGACCCTTCCCTTCTGGGCCTACAGCG 450 
UuAlavalAlaAspIlel^uPhel^uLmi^^ 12 9 

AAGCTCATCTTTGCCATCTAGMGATGAGCTTCTTCAGTGGCATGCrCCTACTTCTTTGCATCAGCATTGACCGCT 540 
l^g tauIlePneAlalleTYrLYsMe^^ 159 

CACGCTCTCTCAGCTCAGCGCCACCG^ 630 
OliiAlaValSerAlaHiaArrtisArEAlaArgValU^^ 189 

TCCATCCCAGAGCTCCTGTACAGTGACCTCCAGAGGAGCAGCAGTGAGCAAGCGATGCGATGCTCTCTCATCACAGAGCATGTGGAGGCC 720 
S£UJLaPr°GluI^uLeuTyrSerA^pL^^ 219 

TpATCACCATCCAGGTGGCCCAGATGGTGATCGGCmC 810 
PhelleThrTlftGlnV^AlaOlT^^ 249 

CTGCrCCAGGCACGCAACTTTGAGCGCAACAAGGCCATCAAGGTGATCATCGCTC 900 
l*uI*uClnAlaArgAsnPheGluArgAsnLvsAlaIleL^ 279 

AATGGGCTGCTCCTCGC^ 990 

A^nGlYVfllValLeuAlaOlnThrValAl^ ^.^vTy^i -t A „*^ T1 - ft1 lT „ r ^ , p 309 

CH0###### 

CT^CTACACCCTCCCCTCOnrCCGCra 1080 

ValThrTYrSarI*vAla<frflValArg^ 339 

CTOTCAAGGACCTGGGCTGCCTCAGCCAGGAGCAGCTCCGGCAGTGGTCrrTCCTGTCGGCACATCCGGCGCTCCTCCATGAGTGTGGAG 1170 
LeuPheLysAspLeuGlyC^sUuSerGlnGlaGlnLeuArgGlnTrpSerSerCysArgHisIleArgArgSerSerMetSerValGlu 369 

^^ C ^ C ^ CK 9 C tP C ^ CTCCCCA1KGG0GACTm 1260 
AlaGluThrThrThrThrPheSerPro*** 375 

GGAGA *<^T G ^ 1350 
£ G £I^T™ GG CCA^^ 1440 

£ ^££1*™^^ 153 0 

I G ^ GGGGGGTGGGA <^^ 1620 

£^ GG ™™1?£™ 1710 

GA j£ GGG 2 GGG 2 GG £ GG 1800 

A ^^ GGGG £ GGCGC I£ C ^^ 1890 

5 A £^ GGG ™^ 1980 

25£^ A ^5™?5^^ 2070 

T» -GTTAAG AGACC AAC ATTTTAC CCACAC ACAGATAAAGTTTTCCCTTGAGGAAAC AA C AG CTTTAAAAAAAAAAAAGG AATT C 2154 
FIG. 1. Nucleotide and deduced amino acid sequences of EBI 1 and EBI 2 RNAs. (A) EBI 1 has two potential translations) initiation 
codons. In-frame stop codons are indicated by asterisks. A hydrophobic amino-termina! segment (single underline) is predicted to be a signal 
peptide for membrane translocation. Seven other highly hydrophobic segments are predicted to form membrane-spanning domains and are 
delineated by double underlines. Potential asparagine-linked glycosylate sites (CHO######) are present in the extracellular amino- 
terminal segment and third extracellular loop. The sequence motif S-(I/Y>D-R-(Y/F)-X-X-X-X (where X represents consecutive hydrophobic 
residues) is highly conserved among a large number of G protein-coupled receptors and is indicated at the end of the third transmembrane 
domain (::::). (B) EBI 2 has two possible initiator methionine codons. Predicted transmembrane domains are indicated (double underlines). 
No signal sequence was identified. 



codons at nt 34 to 36 and 46 to 48 (Fig. IB). Although neither 
methionine codon is in a favored initiation context (49), the 
presence of an upstream in-frame termination codon and the 
absence of other potential open reading frames are consis- 
tent with translation initiation at the first or second methi- 
onine codon. Initiation at the first would result in a 41.2-kDa 



protein. The deduced amino acid sequence predicts seven 
hydrophobic transmembrane segments in the characteristic 
configuration of a G protein-coupled receptor. In contrast to 
the EBI 1 protein, EBI 2 lacks a signal peptide. The 
amino-terminal putative extracellular domain has a potential 
N-linked glycosylation site. Although the EBI 2 cDNA lacks 
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GGMTTCCCTGATATACACCTGGACCACCACGAATCGATAT^ 90 
*** METAspIleGlnMETAlaAsnAsnPheThrProProSerAlaThrProGlnGlyAsn 19 

aS a s^^ «• 

ATCACGATGCTGAAACGGC^CTCACTCTATCGACTICT^ 1080 
MetArgWetteuLysArgGlnValSerValSerUeSerSerAlaValLysSerAUProGIuGluAsnSerArgG^et^tGl^r 349 



1170 
361 



A™^CCAAAAGCAGCCGCTOTAATAACTCCCAATGTA^ }H° 

I A !^2 A !^:£ GACTATATATO ^ 

FIG. 1— Continued, 



1644 



a polyadenylate tail, a canonical polyadenylation signal 
(AATAAA) near the 3' end is consistent with the conclusion 
that the cDNA is essentially complete. 

Comparison of EBI 1 and 2 with other G protein-coupled 
receptors. The EBI 1 and EBI 2 nucleotide and predicted 
amino acid sequences were compared with the GenBank 
(release 72 and updates), EMBL (release 31), GenBank 
translation, Swiss protein (release 22) and Protein Identifi- 
cation Resource (PIR; release 33) data bases by using the 
BLAST algorithm (3). EBI 1 and EBI 2 are homologous to G 
protein-associated receptors. EBI 1 is highly homologous to 
the human high- or low- affinity interleukin 8 (11^8) receptors 
at both the nucleotide (data not shown) and amino acid (Fig. 
2A) sequence levels. These IL-8 receptors are not expressed 
on lymphocytes (38, 59). Excluding the putative EBI 1 signal 
peptide, the overall amino acid identity among the three 
proteins exceeds 30%, with conservative changes observed 
at many of the nonidentical residues. The identity increases 



to 40% when EBI 1 is compared with either IL-8 receptor 
individually. Additional similarities with the IL-8 receptors 
include a high proportion of serine and threonine near the 
carboxy terminus and a highly acidic amino-tenninal extra- 
ceUularMomain. The IL-8 receptor acidic residues are impli- 
cated in binding IL-8 basic amino acids (38, 59). 

The EBI 2 gene does not have such a close homolog. EBI 
2 has 24% amino acid identity with the thrombin receptor 
(Fig. 2B; data not shown) (81). Less extensive homologies 
are observed with a number of other G protein-coupled 
receptors, including the receptors for vasoactive intestinal 
polypeptide, somatostatin (type 1), and angiotensin II, as 
well as with the low-affinity IL-8 receptor (Fig. 2B). EBI 2 
also exhibits more distant homologies with EBI 1 and the 
high-affinity IL-8 receptor. Significantly, these are the same 
proteins which, in a different order, exhibit the closest 
homologies with the EBI 1 protein. Together they constitute 
a subfamily of G protein-coupled peptide receptors. The 
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EBI 1 MDLG KPMKS VL W ALLV I FQ VC LCQD E VT D D Y I G DNTT V D YT LF E S ICS KKD VRN 55 

IL-8 RL ME SDSFEDFW- KCEDLSNYSYSSTLPPFLLDAAPC-EPESLE 4 0 

IL-8 RH MS NITDPQMW DFDDLH FTG-MPPADEDYS PC-MLETET 36 



TM I 



TM II 



EBI 1 FKAW FLP IMYS 1 1 CFVGLLGNGLVVliT YI YFKRIJCTMTDTV LLN LAVA D I LF LI/T 110 

IL-8 RL INKYFWIIYALVFU^U^KSLVHLVILYSRVGRSVTDVYLUTlAliADI^FAI^ 95 

IL-8 RH LN KYWI I A Y ALV FLLS LLGNS LVMLVI LY S RVGRS VTD VY LLN LA LA DLLF ALT 91 

.... * *. ****.«*,*. .* . '...**.******.**„** ** 



TM III 



EBI 1 LPFWA YS AAKS WVFGVHFC KLI FAI XKMS FTSGHLLLLCIS I DRY VA I VQ AVS AH 165 

IL-8 RL LPIWAASKVNGWIFGTFI>CKVVSLIJCEVNFYSGIU>LACISVDRYLAIVHATRTL ISO 

IL-8 RH LPIWAASKVNGWIFGTFIXJKVVSLLKEVNFY^ 146 

**.** * ..,*.**. .**.. . ...*.**.*** ***,***.***.*... 



tm rv 



EBI 1 RHRARVLLI S KLS CVGS AIIAT VLS 1 PELLYS DLQRS S S EQAMRCS LITEHVE A F 220 

IL-8 RL TQK-RYLV — KFI CLSIWGLS LLLALPVLLFRRTVYSSNVS PAC YEDMGNNT ANW 202 

IL-8 RH TQK-RHLV--KFVCI^CWGLSWJI^I^FFIJFT^ 198 

**, *. *. * * • *..*•*.. 



TM V 



TM VI 



EBI 1 -ITIQVAQMVIGFLVPIiLAMSFCYLVIIRTLLQARNF^ 274 
IL-8 RL PJ*LLRILPQSFGFIVPIiIMLFCYGF/TIJlT^ 257 
IL-8 RH RMVLRI LPHT FGFIVP LFVMLFC YG FTLRTLFKAHMGQKHRAMRVI FAWLI F LL 253 
**.***. * *** ..***..* *..*+.***.♦+.. 



8 



35 



EBI 1 
IL-8 RL 
IL-8 RH 



EBI 1 
IL-8 RL 
IL-8 RH 

B 

EBI 1 
IL-8 RL 
IL-8 RH 
NY2 R (Bov) 
EBI 2 

Thrombin R 
VIP R 
ANGT II R 
SOM R 1 



TM VII 

FQLPYNGVVLAQTVANFKITSSTCEI5KQIWIAYDVTYSLACVRCCVNPFLYAFI 329 

CVI^YNLVIXADTLMRTQVIQBTCERRNHIDRAI^^ 312 

CWI^YKLVIJuADTI>IRTQVIQETCERRNNIGRAXDATEII^FIHSCl^PIIYAFI 308 

**** #.**.* *** * *.* *. ...*.**..**** 

G^h^RKDI FKLFKDLGCLS QEQLRQWS S CRHIRRS S MS VEAETTTT FS P 379 

GQKFRHGLLKI LAIHGLIS KDSLPK DSRPSFVGSSSGHTSTTL 355 

GQNFRHGFLKILAMHGLVSKEFLAR HRVTSYT— SSSVNVSSNL 350 

*.**....*.. *.*..*. 



TM I 



TM II 



IICFVGLIKSNGLVVLTYIYFKRIiKTMTDTYIjLNI^ 

LVFLLS LLGKS LVMLVILYSRVGRSVTDVYLLNLALADLLFALTLPIWAASKVNG 
LVFIXSLi&GNSLVMLVILYSRVGRSVTDVYI^ 

1 1 F LTG IVG NG LV I LVHG Y Q KKLRSMTDKYRLHLSVAD LLFVLT LPFWAVDAVAN 
LVFIIGLVGNLLALWIVQMRKKINSTTLYSTMLVISDILFTTALPTRIAYYAMG 
GVFWS LPLMIMAI WFI UOlKVKKPAVVYMIiilATADVIJVSVLPFKISYYFSG 
FIF^GMIANSVVVWVNIQAKTTGYDTHCYII^IAIADIJ^LTIPVWWSLVQ^ 
IIFVVGIFGKSLVVIVIYFYMKLKTVA5VFIjU*LAIADLCFLLTLPLWAVYTAMB 
WCLVGLCGMSMVIYVILRYAKKKTATNIYIUIIAIADEIJUfLSVPFLVTSTLLR 



121 
106 
102 
102 

94 
165 
107 

91 
121 



ECRF3 LMFLCNAIGNSLVLRTFLKYR AQAQSFDYLMMGFCLNSLFLAGYLLKRLLRM 106 

HCMVUS27 . LMCIVGTFLNVLVITTILY YRRKKS PSDTYICNLAVADLLI WGLPFFLE Y AKH 112 

HCMVUS28 VVFLFGSIGNFLVIFTITWRPJ^IQCSGDVYFINIAAADLLFVCTLPLWMQYLL 111 

HCMVOL33 FriFVGGPIlTArVLITOLLTKRVYSTWIYMTNLYSTyFLTL'rVLPFIVLSNQ 112 



TM III 



EBI 1 — WVFGVHFCKLIFAIYKMSFFSGMLIJCiLCISIDRYVAlVQAVSAHRHRARVLLI 174 

IL-8 RL — ffl FGTFLCKWS LIJOS VHFYSGILIXACIS VDRY IAI VHATRTLTQK-RYLV- 157 

IL-8 RH --WIFGTFLCXVVSLLKEVNFYSGILLLACISVDRY1A 153 

NY2 R (Bov) — VfYFGKFU^KAVHVTYTVNLYSSVLIIAFISLDRYLAIVHATN — SQKPRKLLA 153 

EBI 2 FDWRIG DALCRITALV FYI NTYAGVNFMTCLS I DRPI AWH PLRYNK — IKRIEH 147 

Thrombin R SDWQFGSELCRFVTAAFYC^ASILUlTVISIDRFIJiVVYPMQSLS — WRTLGR 218 

VIP R KQHPMGELTCKVTHLI FS INLFSGIFFLTCMSVDRYLS ITYFTN — TPSSRKKMV 160 

ANGT II R Y RWPFGNYLCKIAS AS VS FKLY AS VFLLTCLS I DRY LA IVH PMK — SRLRRTMLV 144 

SOM R 1 -HWPFGAI»LCRLVI^ VD AVNMFTSI YCIiTVI^ VDR YVAVVH PIKA— -ARY RRPTV 173 

BCRF3 FEIFMNTELCKIjEAFFLNI^IYWSPFILVFISVLRCLMF LWVXKTLIGQ 170 

HCMVUS27 HPKI3R£WCSGUfACFYlCIJFAGVCFI*lNLSMDRYCVI^ 169 

HCMVUS28 DHNS LAS VPCTLLT ACFYV AMFAS LC FI TE I ALDRY Y AI VY MRYRPVKQAC 169 

HCMVUL33 WLLPAGVAS CKFLSVI Y YSS CTVGFATVALI AADRYRVLHK RTYARQSYRSTY 169 

FIG. 2. Protein sequence homologies between EBI 1 and EBI 2 and previously identified G protein-coupled receptors (74). Positions of 
predicted transmembrane domains I through VII (TM I through TM VII) are indicated by horizontal lines above the corresponding sequences. 
Amino acids identical in all aligned sequences are indicated by an asterisk. Conservative changes are indicated by a dot. (A) Alignment of 
EBI 1 with high-affinity (IL-8 RH) and low-affinity (IL-8 RL) IL-8 receptors. (B) Alignment of EBI 2 with EBI 1 and receptors for thrombin 
(81), IL-8 (IL-8 RL, IL-8 HL), vasoactive intestinal polypeptide (VIP R) (71), angiotensin II (ANGT U R) (19), bovine neuropeptide Y [NYZ 
R (Bov)] (64), and somatostatin receptor type 1 (SOM R 1) (89). A proposed alignment with the G protein-coupled receptor homologs of 
herpesvirus saimiri (ECRF3) (60) and of human cytomegalovirus (HCMVUS27, HCMVUS28, and HCMVUS33) (14) is shown below. 
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FIG. 3. RNA blot hybridization analysis of £BV-induced cellular gene expression. Polyadenylated RNA (4 to 12 ng per lane) was size 
fractionated on formaldehyde-agarose gels, transferred to charged nylon membranes, and hybridized with the probes indicated at the bottom 
of each autoradiograph panel. RNA samples used are indicated at the top of each lane (lane LGL, EBV-immortalized Drimarv B 
lymphoblastoid cell line, [IB4]; lane BL, EBV-negative BL cell line [BUI]; EBL, EBV-infected BL cell Jine [BL41/B95-81 derived by in vitro 
infection of BL41). Dashes indicate positions of rRNA bands (18S t 28S). The band detected at 1.5 kb in lane LCL by the P68 probe is due 
to residual signal from a prior hybridization. y 



greatest conservation of residues among these proteins ex- 
— tends from the first transmembrane domain (Fig. 2B; "I'M I) 
to the second intracellular loop. Because of the particular 
conservation of an amino acid sequence among these G 
protein-coupled receptors, we were able to identify a new 
highly conserved sequence motif at the carboxy end of TM 
III and the adjacent second intracellular loop. This motif, 
S-(I/L)-D-R-(Y/F)-X-X-X-X, with X being a hydrophobic 
amino acid, is present in a wide variety of G protein-coupled 
receptors but is not present in other proteins in the data 
bases surveyed. Other highly conserved features of G pro- 
tein-coupled receptors in EBI 1 and EBI 2 include the 
asparagine in TM I, the proline in TM II, the aspartate in the 
first intracellular loop, and the tryptophan and cysteine in 
the first extracellular loop. This cysteine has been postulated 
to be involved in disulfide linkage to a conserved cysteine 
present in the second extracellular loop in several other 
receptors, including the (3-adrenergic and thrombin recep- 
tors. 

Analysis of induced gene expression by RNA blot hybridiza- 
tion* Probes from seven of the nine EBV-induced cDNAs 
(vimentin and CD21 were previously shown to be EBV 
induced and were not further evaluated) were hybridized to 
identical blots of polyadenylated RNA from the EBV(+) or 
EBV(-) BL41 cell lines or from the EBV-transformed 
lymphoblastoid cell line IB4 (Fig. 3). The RNAs loaded in 
the EBV(+) BL41 and EBV(-) BL41 lanes were standard- 
ized with respect to (5-actin reactivity. Significantly less IB4 
cell RNA was used because of the high abundance of the 
putative induced-gene RNAs in these cells (Fig. 3, actin 
probe). Probes from each of the cDNA clones detected 
RNAs which are significantly more abundant in both IB4 and 
EBV(+) BL41 cells than in EBV(-) BL41 celjs. Induction 
factors indicated in Table 1 were determined by quantitative 
densitometric scanning of autoradiographs and reflect the 
fold enhancement of signal intensities in EBV(+) BL41 cells 
over those in EBV(-) BL41 cells, corrected for the ratio of 
actin reactivities. Standardization by actin reactivity, how- 
ever, significantly underestimates the absolute induction 
levels since actin is induced threefold by EBV infection of 
BL41 ceils relative to gryceraldehyde phosphate dehydroge- 
nase (data pot shown) or total RNA amounts quantitated 
spectrophotmetrically. So that the actin signal intensities 
would be equal, threefold more EBV(-) BL41 than EBV(+) 
BL41 RNA was loaded per lane.' Importantly, each of the 
RNAs was at least as abundant relative to glyceraldehyde 
phosphate dehydrogenase in IB4 cells as in EBV(+) BL41 
cells (Fig. 3; data riot shown). 



The EBI 1, EBI 2, CD44, and MARCKS genes are the 
most highly induced of the seven genes., being induced 21, 
>200, >100, and 30 times background, respectively, relative 
to actin (Table 1). The CD44 gene encodes three distinct 
RNAs of 1.6, 2.2, and 4.8 kb in both IB4 and EBV(+) BL41 
cells. No CD44 RNA was detected in EBV(-) BL41 cells 
even after prolonged autoradiographic exposures. EBI 2 
RNA was also undetectable in EBV(-) BL41 cells. 

Expression of EBI 1 and EBI 2 in human cell lines and 
tissues. The expression of EBI 1 and EBI 2 in human cell 
lines and tissues was evaluated by hybridizing actin, EBI 1, 
or EBI 2 probes to blots of cell line or tissue RNAs! 
Although EBI 1 is weakly expressed in BL41, EBI 2 is not; 
also, neither EBI 1 nor EBI 2 is expressed in another 
EBV(-) BL cell line, BL30 (Fig. 4). EBI 1 and EBI 2 RNAs 
are abundant in primary human lymphocytes transformed by 
EBV in vitro and propagated as continuous lymphoblastoid 
cell lines for several years (IB4) or for less than 1 year 
(LCL-W91) (Fig. 4). EBI 1 RNA is faintly detectable in the 
human T-cell line Jurkat and is abundantly expressed in a 
second T-cell line, HSB-2 (Fig. 4). EBI ' 2 RNA is not 
detected in either of these T-cell lines (Fig. 4) or in a third 
T-cell line, Molt-4 (data not shown). EBI 1 is not expressed 
in the human promyelocytic line HL60, the chronic myelo- 
genous leukemia cell line K562, the epithelial cell line 
RHEK-1, the fibrobiast-like osteosarcoma cell line TK143, 
or the monocytic cell line U937 (Fig. 4). EBI 2, however, is 
expressed weakly, relative to actin, in HL60, U937 (U937 
RNA is partially degraded), and HeLa (Fig. 4; data not 
shown) cells. 

EBI 1 and EBI 2 RNAs are abundant in human spleen 
tissue, somewhat less abundant relative to actin in tonsil 
tissue, and undetectable in bone marrow (Fig. 4). Both genes 
were expressed in resting PBMCs at levels comparable to 
those in IB4 or LCL-W91 B lymphoblastoid ceils (Fig. 4). 
Expression increased in parallel cultures stimulated for 72 h 
with pokeweed mitogen, although actin expression also 
increased after pokeweed mitogen treatment (Fig. 4). The 
EBI 1 and EBI 2 RNA in stimulated and nonstimulated 
PBMC cultures is likely to be mostly in B lymphocytes since 
EBI 1 RNA is present at low levels and EBI 2 RNA is absent 
in phytohemagglutinin-stimulated, PBMC-derived T lym- 
phocytes (Fig. 4). These findings are consistent with the 
expression patterns observed in T-cell lines, 

EBI 1 and EBI 2 RNA levels in a variety of nonhematopoi- 
etic human tissues were also evaluated. The EBI 1 probe 
detects small amounts of RNA in both lung and pancreas 
tissues (Fig. 5). Rehybridi2ation of this blot with an Ig mu 
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FIG. 4. Expression of EBI 1 and EBI 2 receptor genes in human 
lymphoid tissues and cell lines. 32 P-1abeIed probes indicated at the 
left of each panel were hybridized to blots containing RNA from the 
cell lines indicated at the top of each lane. BL41 and BL30 are 
EBV-negative BL cell lines; BL417P3HR1 is infected with a non- 
transforming EBV strain, P3HR1; BL41/B95-8 is infected with a 
transforming EBV strain; IB4 is a cell line derived by infecting 
primary B lymphocytes with EBV of the B95-8 strain; LCL-W91 is 
a recently established cell line transformed with EBV W91; TON- 
SIL is unfractionated cells from surgically excised human tonsils; 
PBMC is unfractionated peripheral blood mononuclear cells; PBMC 
PWM is PBMC stimulated for 72 h with pokeweed mitogen (2.5 
Hg/mJ); PBT PHA is T cells purified from PBMC by sheep erythro- 
cyte rosetting, stimulated for 72 h with phytogemagglutinin (1 
ixg/ml); B MARR is postmortem bone marrow; SPLEEN is unfrac- 
tionated cells from surgically excised spleen; HL60 is a promyelo- 
cyte leukemia cell line; U937 is a monocytic leukemia cell line; 
K562 is a chronic myelogenous leukemia cell line; JURKAT is a 
T-cell leukemia cell line; HSB-2 is a T-celJ acute lymphoblastic 
leukemia cell line; RHEK-1 is an adenovirus-simian virus 40- 
transforraed human keratinocyte; TK143 is a osteosarcoma cell line. 
Each panel is a composite prepared from autoradiographs of two 
separate blots for each probe. 



chain probe (Fig. 5, Ig u, probe) indicated that these tissue 
preparations contain e d si gnifi c ant amoun ts^of-Ig-RN A , prob — 
ably because of the presence of B lymphocytes in the 
tissues. Since EBI 1 RNA is abundant in peripheral blood 
lymphocytes, the EBI 1 RNA in the lung and pancreas 
tissues is likely to be due to B lymphocytes. Similarly, the 
low level of EBI 2 RNA detected in pancreas tissue is 
probably due to infiltrating' B lymphocytes (Fig. 5). How- 
ever, the abundance of EBI 2 RNA in lung tissue is too great 
to attribute to lymphocyte contamination and is more likely 
to be due to specific expression in pulmonary epithelial cells 
or macrophages (Fig. 5). 



DISCUSSION 

The present studies were undertaken to elucidate the 
mechanisms of EBV transformation of B lymphocytes by 
identifying cell genes whose expression is increased by EBV 
infection- By identifying genes induced in EBV(+) versus 
EBV(-) BL cells, the effects of EBV infection were ob- 
served in human B lymphocytes, the natural target of EBV 
infection and growth transformation. Differences in gene 
expression that were not due to EBV infection were mini- 
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FIG. 5. EBI 1 and EBI 2 gene expression in human tissues. EBI 
1, EBI 2, and Ig mu chain (Ig^) probes were hybridized to RNA 
samples from the following human tissues: heart (HE), brain (BR), 
placenta (PL), lung (LU), liver (LI), skeletal muscle (SM), kidney 
(KI), and pancreas (PA). Numbers at the left indicate positions and 
si2es (in kilopases) of RNA markers. Specific RNA bands are 
indicated by arrows to the right of each panel. The EBI 1 probe 
detects faint 2.4-kb bands in lung and pancreas RNA. The EBI 2 
probe detects an abundant 1.9-kb band in lung RNA and a faint 
I.9-kb band in pancreas RNA. The 2.7-kb Ig mu RNA is detected in 
lung, liver, and pancreas preparations. The 1.5-kb band in placental 
RNA hybridized with Ig mu probe is residual signal from a previous 
hybridization. 



mized as a result of the isogenic background of these cells. 
Further, since the full repertoire of EBV genes expressed in 
growth-transformed B lymphocytes is expressed in the in- 
fected BL41 cells, many effects of these genes on cell gene 
expression are evident. Consequently, a large number of 
EBV-induced genes are being identified for the first time, 
including some novel genes likely to be mediators of B-lym- 
phocyte growth or differentiation. 

This report describes the identification of nine EBV- 
induced genes, CD21 and vimentin genes being the only two 
which were previously known to be EBV induced (8, 12). 
CD21 is the EBV receptor, and CD21 mRNA is induced 
within 36 h following in vitro infection or antigen stimulation 
of normal peripheral blood B cells (2, 72). EBV induction of 
CD21 may be a consequence of activating and differentiating 
effects. Gene transfer experiments in EBV(-) BL cells 
indicate that CD21 expression is increased by EBNA 2 or 
EBNA 3C expression (17, 85, 86). CD21 is also the receptor 
(CR2) for the C3d fragment of complement (88), associates 
with Ig in the B lymphocyte plasma membrane (77), and may 
mediate the stimulating effects of antigen-antibody and com- 
lement complexes on uninfected B lymphocytes (S3). 



Vimentin expression is likely to be a consequence of EBV 
activating effects. Vimentin is the predominant intermediate 
filament protein in lymphocytes and is expressed at high 
levels in EBV-transformed B lymphocytes (8). It associates 
with LMP 1 at the cell periphery (50). Infection of BL41 or 
BL30 cells in vitro increases vimentin mRNA and protein 
production (8). In gene transfer studies, LMP 1 alone can 
induce vimentin expression in EBV(-) Louckes or BL41 BL 
cells (8). 

Similarly, induction of MARCKS, serglycin, cathepsin H, 
annexin VI, and CD44 is likely to be a consequence of 
EBV-actrvating or -differentiating effects on B-lymphocyte 
structures. Ig cross-linking in normal murine peripheral 
blood B cells results in specific phosphorylation and dramat- 
ically increases the synthesis of MARCKS protein (39, 40). 
Steady-state MARCKS RNA levels may be regulated in part 
by mRNA stability (11). The unusually high degree of 
homology among three prime untranslated regions of the 
human and bovine MARCKS RNAs (75) suggests that these 
sequences may play a regulatory role, possibly in mRNA 
stability. Although its function is unknown, MARCKS pro- 
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tein localizes to substratum contact points in macrophages in 
physical association with vinculin, talin, and cytoskeletal 
actin (65, 78). MARCKS protein also binds to calmodulin 
with high affinity and inhibits calmoduiin-mediated activa- 
tion of phosphodiesterase (27, 55). This interaction is dis- 
rupted by protein kinase C-mediated MARCKS phosphory- 
lation. M/VRCKS-regulated interaction with calmodulin is of 
particular interest in light of the role of calmodulin in 
lymphocyte apoptosis (54) and the ability of EBV or LMP 1 
to protect cells from apoptosis (35). MARCKS may be a 
mediator of the anti-apoptotic effects of EBV infection. 

Annexin VI is a Ca 2+ binding protein of the lipocortin 
family (18) and is phosphorylated in response to growth 
factor stimulation (43). It may associate with CD21 (6). In 
vitro membrane reconstitution studies indicate that annexin 
VI may regulate the release of Ca 2+ from intracellular stores 
(34). Annexin VI is expressed only in mantle zone B cells 
and is not detectable in GC cells (15). 

Recent experiments indicate that annexin VI plays a 



cell RNA preparations. Experiments are now in progress to 
delineate the roles of EBI 1 and EBI 2 in normal B- and 
T-lymphocyte development and immune responses. 

The relatively high EBI 1 and EBI 2 mRNA levels in 
PBMCs, spleen tissue, and, to a lesser extent, tonsil tissue is 
surprising in light of the low levels in BL cells. EBI 1 and 
EBI 2 expression may be restricted to particular stages of 
lymphocyte differentiation or activation. EBV(-) BL cells 
may correspond to a differentiation state in which expression 
of both genes is characteristically low. In latent EBV infec- 
tion, EBV gene products may act individually or in concert 
to activate expression or to maintain high levels of expres- 
sion in host cells which already transcribe EBI 1 and EBI 2. 
Preliminary data indicate that EBI 1 is induced in EBV(-) 
BL cells converted to LMP 1 or EBNA 2 expression by 
single-gene transfer. EBI 2 expression may be specifically 
induced by EBNA 2 or EBNA LP since expression is 
up-regulated in BL41 cells transfected with an EBNA LP 
and EBNA 2 expression vector. 
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pits by a process which may be triggered by specific phos 
phorylatibn (51). These findings are of particular significance 
since cathepsin H and serglycin may also be intracellular 
vesicle constituents. Cathepsin H is a lysosomal cysteine 
protease (9), whereas serglycin is a core protein of proteo- 
glycans. Although not previously known to be expressed in 
lymphocytes, serglycin is stored in granulocyte secretory 
granules, where it may neutralize hydrolytic enzymes (45, 
47). 

CD44 binds hyaluronic acid (4) and is the lymphocyte 
homing receptor for high endothelial venules. Its expression 
increases following anti-Ig stimulation of murine B cells (13). 
In contrast with other EBV-induced genes, high-level CD44 
expression in vivo is observed primarily in germinal-center B 
lymphocytes (24). CD 44 may associate with the lymphocyte 
cytoskeleton via an ankyrinlike molecule (42). Transfection 
studies with Daudi and BL41 cell lines indicate that LMP 1 
is responsible for CD44 induction (85). 

The most significant outcome of this study is the discovery 
of the first G protein-coupled peptide receptors expressed in 
lymphocytes exclusively (as with EBI 1) or predominantly 
(as with EBI 2). Both genes are expressed at high levels in 
EBV(+) BL cells and EBV-transformed lymphoblastoid cell 
lines but are expressed at low or undetectable levels in two 
different EBV(-) BL lines. Expression of neither gene is 
entirely EBV specific, and EBI 1 and EBI 2 are likely to 
function normally as tissue-specific mediators of polypeptide 
cytokine effects. EBI 1 and EBI 2 RNAs are present in 
PBMCs at levels comparable to their levels in lymphoblas- 
toid ceil lines; they are also detected in RNA from unfrac- 
tionated tonsil tissue, which consists mostly of B lympho- 
cytes. The much higher EBI 2 RNA level in B-rymphocyte 
tissues and cell lines than in phytohemagglutinin-stimulated 
T cells and the T-cell lines Jurkat, HSB-2, and MoIt-4 is 
evidence that EBI 2 expression in vivo is predominantly B- 
rather than T-rymphocyte restricted. An intermediate level 
of EBI 2 RNA was observed in HL60 and U937 cell lines and 
in pulmonary tissue, suggesting that EBI 2 may also be 
expressed in monocytes, granulocytes, and pulmonary tis- 
sue in vivo. In contrast, EBI 1 is expressed in B- and 
T-lymphocyte lines but not in nonrymphoid tissues or cell 
lines; it thus appears to be entirely lymphocyte restricted. 
The level of EBI 1 RNA in phytohemagglutinin-stimulated 
peripheral blood T cells and in T-cell lines indicates that both 
B and T lymphocytes may contribute to the overall expres- 
sion observed in unfractionated PBMC, tonsil, and spleen 
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coupled peptide receptors makes it probable that EBI 1 and 
EBI 2 are receptors which transduce ligand-binding signals 
through heterotrimeric GTP-binding proteins (G proteins). 
Homologies between EBI 1 and the high- and low-affinity 
IL-8 receptors are particularly striking and are apparent at 
both the nucleotide and amino acid levels. In fact, EBI 1 is 
the closest known homolog of the IL-8 receptors. The 
neuropeptide Y receptor type 2, for which only the bovine 
form has thus far been cloned, also exhibits a high degree of 
homology to these proteins (64). These four proteins appear 
to constitute a closely related subfamily within the super- 
family of G protein-coupled receptors. EBI 2 exhibits more 
distant homology to these proteins and appears to be most 
closely related to the thrombin receptor. 

We have identified a previously unrecognized, highly 
conserved G protein-coupled receptor motif at the junction 
of the third transmembrane domain and second intracellular 
loop. This motif, (A/S)-(IAO-D-R-(Y/F)-X-X-X-X, where X 
represents hydrophobic residues, is characteristic of even 
distantly related G protein-coupled receptors, including pho- 
toreceptor opsins and receptors from phylogeneticalry diver- 
gent species such as Drosophila species. The motif is not 
present in other proteins. The restricted presence of this 
sequence in G protein-coupled receptors is most consistent 
with an important role in G protein-coupled receptor func- 
tion. This region is implicated in receptor interaction with G 
proteins (48). The sequence includes five continuous hydro- 
phobic amino acids, and ligand binding may alter the dispo- 
sition of the hydrophobic portion of this sequence with 
respect to the adjacent plasma membrane, effecting changes 
which modulate G protein interaction. 

Ligands for EBI 1 or EBI 2 are likely to be polypeptide 
cytokines since EBI 1 and EBI 2 are most closely related to 
G protein-coupled receptors which have polypeptide 
ligands. Further, a third transmembrane domain aspartate 
residue is highly conserved among G protein-coupled bio- 
genic amine receptors but is absent from EBI 1 and EBI 2, 
excluding membership in that family (73). The close similar- 
ity between EBI 1 and the IL-8 receptors is evidence that the 
EBI 1 ligand is a polypeptide proinflammatory "intercrine" 
factor similar to ACT-2, GRO/MGSA or RANTES, or IL-8 
(63). 

The expected action of EBI 1 and EBI 2 is through G 
proteins and secondary messenger pathways by the activa- 
tion of effector molecules such as adenyl cyclase, cyclic 
AMP phosphodiesterase, phospholipase C, or various ion 
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channels (20), In general, G protein-coupled peptide recep- 
tors regulate specialized functions of target cells, such as 
secretion oi hormones in endocrine cells, membrane depo- 
larization in neural cells, or chemotactic migration and 
activation of phagocytic cells. Ligand binding may also alter 
growth properties. Expression of the serotonin lc receptor 
in immortalized rodent fibroblasts results in ligand-depen- 
dent oncogenic transformation (41). The melanoma growth- 
stimulatory activity protein (MGSA) binds to a G protein- 
coupled receptor and supports melanoma cell growth. 
MGSA can compete with IL-8 for binding to the IL-8 
receptor, suggesting that the MGSA receptor may be closejy 
related to the IL-8 receptors (58). 

Indirect evidence indicates that a lymphocyte G protein- 
coupled receptor may affect phosphoiipase C activity and 
EBI 1 or EBI 2 may be the receptor that interacts in this 
pathway. Nonhydrolyzable GTP analogs constitutively acti- 
vate both G proteins and lymphocyte polyphosphoinositide 
breakdown by phosphoiipase C (25, 33). Further, some 
experiments have demonstrated constitutive inhibition of 
phosphoiipase C activation by pertussis toxin, which blocks 
G proteins by ADP-ribosylation of their alpha subunits (25, 
33, 57). Moreover, a G protein isoform regulates phospho- 
iipase C activity in brain tissue (69). 

The finding that EBV induces these two putative G 
protein-coupled peptide receptors is also of interest in light 
of the recent findings that human cytomegalovirus and 
herpesvirus saimiri have incorporated homologs to G pro- 
tein-coupled receptors into their genomes (60). Cytomegalo- 
virus has three such genes (14). This virus is unusual among 
herpesviruses in its transient stimulation of cell DNA syn- 
thesis early in lytic replication and in establishing infection in 
precursor cells in bone marrow (52). Herpesvirus saimiri is a 
New World primate herpesvirus and is the herpesvirus most 
closely related to the EBV group of Old World primate 
iymphotropic herpesviruses (1). Herpesvirus saimiri can 
transform human T lymphocytes in vitro and can produce 
tumors in New World primates (7). The role of the G 
protein-coupled receptor homolog in herpesvirus saimiri 
infection has not been investigated. The finding that EBV 
induces G protein-coupled receptors and that cytomegalo- 
virus and herpesvirus saimiri have incorporated G protein- 
coupled receptors into their genomes is compatible with the 
hypothesis that these G protein-coupled receptors mediate 
similar functions for these herpesviruses. However, compar- 
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Detection of Epstein-Barr virus DNA in cardiac and 
aortic tissues from chronic, active Epstein-Barr virus 
infection associated with Kawasaki disease-like 
coronary artery aneurysms 

Hideaki Kikuta, md, Yukio Sakiyama, mo. Shuzo Matsumoto, md, 
Isamu Hamada md. Makoto Yazaki, md, Toshlmitsu Iwaki, md, 
and Masao Nakano, md 

m 0 ?, th ® Department of Pediatrics, Hokkaido University School of Medicine, Sapporo, the Pe- 
diatric CKnlc National Hakodate Hospital, Hakodate, the Department of Pediatrics. Nagoya 
City Unlvers ty Medical School. Nagoya. and the Department of Pediatrics. Gifu Prefecture! 
Tajinrti Hospital. Gifu, Japan 

We describe three patients with chronic, active Epslein-Barr virus infection asso- 
ciated with Kawasaki disease-like coronary artery aneurysms. The Epstein-Barr 
virus genome was detected in three cardiac tissue samples and one aortic tis- 
sue sample examined by means of the polymerase chain reaction. These find- 
ings suggest that chronic Epstein-Barr virus Infection may play a pathogenic role 
In the development of coronary artery aneurysms. (J Pediaih 1993;123:90-2) 
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Chronic, active Epstein-Barr virus infection is character- 
ized by fever, lymphadenopathy, splenomegaly, hepatitis, 
interstitial pneumonitis, and uveitis. Laboratory findings 
include anemia, thrombocytopenia, leukopenia, and hyper- 
gammaglobulinemia with a very high titer of EBV anti- 
bodies 1 * 2 ; cardiac involvement is rare. To our knowledge, 
our previous report of CEBV associated with coronary ar- 
tery aneurysms was the first. 3 We now report three patients 
with CEBV associated with coronary artery aneurysms, 
similar to the findings of Kawasaki disease. 4 

METHODS 

Subjects. Three Japanese patients with CEBV and coro- 
nary artery aneurysms were studied (Table ). Coronary ar- 
tery aneurysms were detected by cross-section echocardi- 



I, interstitial nephritis 5 in patient 2, and rash in patient 3 
(Table). None had mucous membrane involvement.The 
DNA was extracted from different sites in three patients 
with CEBV and two control cardiac tissues. Human DNA 
samples from Raji cells and Molt-4 cells were used as pos- 
itive and negative control samples, respectively. Human 
embryonic fibroblast cells infected with herpes simplex vi- 
rus type ] (Seibert strain), varicella-zoster virus (wild type), 
and human cytomegalovirus (wild type) and human herpes 



CEBV 


Chronic, active Epstein-Barr virus infection 


EBV 


Epstein-Barr virus 


KD 


Kawasaki disease 


PCR 


Polymerase chain reaction 



ography. All patients had a chronic illness characterized by 
prolonged fever, coronary artery aneurysms, hepatosple- 
nomegaly, liver dysfunction, and hypergammaglobuline- 
mia. In addition to coronary artery aneurysms, patients 1 
and 3 had dilation of the sinus of Valsalva, and patient I 
died of rupture of the sinus of Valsalva. Patients 2 and 3 also 
had pericarditis- These patients had several other manifes- 
tations of EBV infection: interstitial pneumonitis in patient 
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these studies. 

EBV serologic tests. Antibody titers to the EBV viral 
capsid antigen and early antigen were determined by indi- 
rect immunofluorescence. Antibody titers to EBV-deter- 
mined nuclear antigen were determined by anticoraplement 
immunofluorescence. 3 

Polymerase chain reaction. The PCR was performed ac- 
cording to a previously described method. 6 The PCR reac- 
tion mixture consisted of 200 fimol of each deoxyribonucle- 
otide, 2.5 U of Taq DNA polymerase, 50 nmol of potassium 
chloride per liter, 1 0 mmol of Tris-HCI (pH 8.3) per liter, 
1.5 mmol of magnesium chloride per liter, 0.01% (wt/vol) 
of gelatin, 20 pmol of each oligonucleotide primer, and 1 /ig 
of DNA in a volume of 100 pi. Samples were then subjected 
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Figure. Ethidium bromide staining of PCR products. AJiquots (10 ^0 of PCR products were subjected to electrophore- 
sis. Lane L Aortic tissue DNA from patient 2; lane 2, cardiac tissue DNA from patient 2: lane J. cardiac tissue DNA 
from patient 3; lane 4, cardiac tissue DNA from patient 1; +, Raji ceil DNA, positive control sample; Mo!t-4 cell DNA, 
negative control sample; base pairs. 



Table. Clinical and laboratory findings in three patients 
with CEBV 



Patient No. 



Age (yr)/gender 2/M 6/F 5/F 

Prolonged fever + + + 

Coronary artery aneurysms + + + 

Dilation of sinus of Valsalva + — + 

Pericarditis - + + 

Rash - - + 

Mucous membrane involvement — - - 

Desquamation of fingertips — - - 

Lymphadenopathy + + — 

Ilepatosplenomegaly + + + 

Liver dysfunction + + + 

Interstitial nephritis — + — 

Interstitial pneumonitis + - - 

Leukopenia - - - 

Anemia + - + 

Thrombocytopenia - - - 

Thrombocytosis - - - 

Hypergammaglobulinemia + + + 
EBV antibody titer 

VCA-IgG ]0,240 20,480 5,120 

EA-IgG 2,560 5,120 5,120 

EBNA 160 40 10 



to 35 cycles of PCR, each consisting of 1 minute of dena- 
turation at 94° C, 2 minutes of annealing at 55° Q and 3 
minutes of polymerization at 72° C by a DNA thermal cy- 
cler (Perkin-Elmer Cetus, East Norwalk, Conn.). The PCR 
procedure was performed with primers 5' -GTGACT- 
TCACCAAAGGTCAG-3 ' and 5 ' -TT A A AGTCC ACT- 
TACCTCTG-3'. The primers amplify and detect a 410- 
base-pair sequence in the region within the EBV teHI-W 
fragment. 

Southern blot hybridization. Electrophoresis of 10 m* of 
the PCR product was performed on 1.8% agarose gel. The 
gel was stained with 1 fig of ethidium bromide per milliliter 
for 5 minutes, and the DNA bands were visualized under 
ultraviolet light. The PCR product was transferred onto ni- 
trocellulose membrane filters. Each filter was hybridized 
with 3i P-labeIed cloned fragment BamHhW of the EBV 
genome for. 48 hours at 41 ° C in 1 X standard saline citrate 
(0.15 mol sodium chloride per liter and 0.015 mol sodium 
citrate per liter), 50% formamide, 0.5% sodium dodecylsul- 
fate, and heat-denatured salmon sperm DNA, 100 Mg/ml. 
After hybridization, the filters were washed three times at 
room temperature in 0. 1 X standard saline citrate with 0. 1 % 
sodium dodecylsulfate and then incubated three times for 1 
hour at 50° C The filters were dried and exposed to x-ray 
film at -80° C. 7 

RESULTS 

In all these patients, EBV serologic tests revealed ex- 
tremely high IgG antibody titers against early antigen and 
viral capsid antigen (Table). There were no significant el- 
evations in antibody titers to other herpesviruses or to mea- 
sles virus in these patients, or to adenovirus in patients 1 
and 2. 



VCA, Viral capsid antigen; EA, early antigen; EBWA, EBV-dctermined nu- 
clear antigen. 

The PCR-amplified genomic Raji cell DNA was con- 
firmed on ethidium bromide-stained gel and by Southern 
blot hybridization with a radiolabeled EBV BamBl-W 
fragment. When DNA samples from cells infected with 
herpes simplex virus type 1, varicella-zoster virus, human 
cytomegalovirus, and human herpesvirus-6 were used as 
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templates in the PCR reaction, no amplification was noted 
by direct gel analysis or Southern blot hybridization. 6 The 
EBV genome, as indicated by the 4 1 0-base-pair DNA band 
identical to that of the positive control sample, was detected 
in cardiac tissue DNA from all three patients and in aortic 
tissue DNA from one patient (No. 2) on direct gel analysis 
(Figure ). In two control cardiac tissue samples, the PCR 
procedure did not detect the EBV genome. In tissue sam- 
ples from the spleen, kidney, and lung of these three 
patients, the PCR procedure detected the EBV genome. The 
EBV genome was also detected in aortic tissue of patient 2 7 
and in cardiac tissue of patient 3 by Southern blot hybrid- 
ization without prior DNA amplification. 

DISCUSSION 

Vascular and endovascular complications are rare in 
EBV infection. Loeffel et al. 8 reported an 8-year-old boy 
with X-linked lymphoproliferative syndrome and aneu- 
rysms of central nervous system arteries; the autopsy 
revealed necrotizing vasculitis in the central nervous system 
and microscopic changes in the coronary arteries. Ilowite et 
al. 9 described a 12-year-old boy with Wiskott-Aldrich syn- 
drome who subsequently had pulmonary vasculitis associ- 
ated with EBV-induced lymph or eticular proliferation; the 
lung biopsy specimen showed vasculitis involving small to 
medium-sized arteries and veins. 

We now have identified three patients with CEBV 
accompanied by coronary artery aneurysms. All three had 
high antibody titers to replicative antigens of EBV and no 
significant elevations in antibody titers to other herpesvi- 
ruses, measles virus, or adenovirus. We were not able to test 
for the presence of the EBV genome in coronary arteries. 
However, detection of the EBV genome in the heart and 
aorta suggests that EBV may play a pathogenic role in the 
development of coronary artery aneurysms in CEBV. 

Kawasaki disease is thought to be a self-limited, immu- 
nologically mediated vasculitis. We previously reported a ; 
link between KD and EBV; 4V (86%) of 57 patients with KD 
and 15 (68%) of 22 with recurrent KD had serologic 
evidence of an unusual primary EBV infection. 10 * 11 The 
EBV genomes were identified directly by means of the PCR 
in peripheral blood mononuclear cell DNA samples from 21 
(60%) of 35 patients within 2 weeks after the onset of KD. 
Furthermore, EBV genomes were also detected in all six 
patients who were repeatedly tested within 3 months after 
disease onset. In contrast, only 2 (12%) of 17 control DNA 
samples showed positive PCR results. 6 Epstein-Barr virus 
genomes were frequently detected in peripheral blood 
mononuclear cell DNA from KD patients, indicating that 
there were much higher proportions of EBV-infected cells 
in their peripheral blood mononuclear cells than in those of 



normal control samples. These virologic studies indicate 
that an unusual EBV-ceil interaction may exist in KD. 

A broad spectrum of associated features and complica- 
tions has been reported with CEBV. Coronary artery aneu- 
rysms constitute one of the clinical features and appear not 
to be as rare in these patients as previously assumed. These 
three patients did not have the clinical hallmarks of KD but 
all had coronary artery aneurysms. Their recurrent episodes 
of fever during 6 months to several years can be distin- 
guished from those of atypical KD. 12 All the patients with 
CEBV associated with coronary artery aneurysms died 
within 5 years of onset. We recommend periodic echocar- 
diographic examinations for all patients with CEBV. Fur- 
ther studies are needed to explain the relationship between 
coronary artery aneurysms and EBV infection. 
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Development and significance of zidovudine resistance in children 
infected with human immunodeficiency virus 

Mark T. Ogino, MD, Wayne M, Dankner, MD, and 
Stephen A. Spector, MD, San Diego, California 



Resistance to zidovudine was found to be a negative prognostic factor 
in children infected with human immunodeficiency virus; growth and 
CD4 + cell counts were reduced, and death was more likely. Substitu- 
tion or addition of a second antiretroviral drug was sometimes bene- 
ficial. See related article on page 9. 

High-level resistance to zidovudine but not to zaicitabine or 
didanosine in human immunodeficiency virus from children receiving 
antiretroviral therapy 

Robert TV. Husson, MD, Takuma Shirasaka, MD, PhD, 
Karina M. Butler, MB,BCh, Philip A. Pizzo t MD, and 
Hiroaki Milsuya, MD, PhD, Bethesda, Maryland 

Isolates of human immunodeficiency virus type 1 were evaluated for 
resistance to antiviral therapy by using a selective polymerase chain 
reaction technique to identify mutations associated with resistance. 
Combination therapy did not prevent the emergence of resistance. New 
methods to prevent the development of resistance to nucleoside analogs 
are needed. See related article on page 1. 

Prevalence of urinary tract infection in febrile infants 
Alejandro Hoberman, MD, Han-Pu Choc, MD, 
David M. Keller, MD, Robert Mickey, MD, Holly W. Davis, MD, 
and Demetrius Ellis, MD, Pittsburgh, Pennsylvania 

A study of febrile infants seen in an emergency department showed that 
about 5% had a urinary tract infection, regardless of whether UTI was 
suspected or other potential causes of fever were identified. The inci- 
dence was highest in white girls. Microscopic urinalysis was not a sen- 
sitive method of screening; urine culture was required for the diagnosis 
of UTI. 
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Acute Epstein-Barr Virus Myocarditis 
Simulating Myocardial Infarction With 
Cardiogenic Shock 

ARCHIE A. TYSON, JR., MD, BARRY T. HACKSHAW, MD, and MICHAEL A. KUTCHER MD 

Winston-Salem, NC ' 1 



ACUTE Epstein-Barr virus (EBV) myocarditis 
may yield clinical findings identical to those of 
acute myocardial infarction. 14 We describe a 
case of EBV myocarditis that closely resembled 
acute myocardial infarction complicated by car- 
diogenic shock. 

CASE REPORT 

A 38- year-old white woman went to a local hospital on Jan 
7, 1986, complaining of substernal chest pain, shortness of 
breath, and near-syncope; an EGG was consistent with an 
acute anterior myocardial infarction. The patient was trans- 
ferred to North Carolina Baptist Hospital for emergency car- 
diac catheterization. 

On arrival, her systolic blood pressure was 70 mm Hg 
despite dopamine infusion. She appeared cyanotic, but was 
alert and responsive to questioning. Her oral temperature was 
99.2 F (37.3 G), respiratory rate was 22/min, and pulse was 
thready at 150/min. Physical examination showed no jugular 
venous distention. Pulmonary auscultation revealed minimal 
bibasilar rales. Heart examination disclosed a regular 
tachycardia with a normal SI and S2, and an S3 gallop. There 
were no murmurs. There was no hepatosplenomegaly or ab- 
dominal tenderness. The ECG showed a sinus tachycardia 
with 5 mm of anterior ST segment elevation and anterior Q 
waves (Fig 1, A). Baseline laboratory data were within nor- 
mal limits except for a WBC of 16,400/cu mm with a left shift. 
The chest roentgenogram was normal. 

On emergency cardiac catheterization, right and left cor- 



onary arteriograms were normal, but the left ventriculogram 
showed severe, global hypokinesia. A Swan-Ganz catheter was 
inserted; pulmonary artery wedge pressures averaged 24 mm 
Hg. The cardiac output averaged 2.5 L/min and the ejection 
fraction was 26%. 

After catheterization, the patient was transferred to the cor- 
onary care unit for further stabilization. Additional history 
revealed that the patient's family had had a viral syndrome 
consisting of sore throat, fever, and cough during the week 
preceding her cardiac decompensation. Though the condition 
of her family members improved after several days the pa- 
tient continued to have myalgia, fever, and malaise. A severe 
substernal burning sensation developed, and persisted until 
the patient suffered the near-syncopal episode that precipitated 
her initial emergency room visit. 
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The patient was managed in the coronary care unit from 
Jan 8 until Jan 15, 1986. She initially required hemodynamic 
monitoring, intravenous pressor therapy, and intra-aortic 
balloon counterpulsation to maintain her blood pressure, but 
her cardiac performance improved rapidly. On Jan 10, an en- 
domyocardial biopsy showed widespread mononuclear inflam- 
mation, edema, focal fibrosis, and myocytic degeneration (Fig 
2). The process appeared to be ten days old and was suggestive 
of a viral cause. 

As the patient's cardiac performance improved, ECG trac- 
ings on Jan 8 and Jan 1 1 (Fig 1 , B and C) showed resolution 
of the anterior ST segment elevation and the return of 
anterolateral R waves. An echocardiogram documented im- 
provement in left ventricular performance. Cardiac isoenzyme 
determinations confirmed the presence of myocardial injury, 
with a peak creatine phosphokinase value of 573 U/L, with 
12.3% MB fraction. The peak lactate dehydrogenase Value 
was 679 U/L, with 26.9% LDH 1 and 26.3% LDH 2. 

The patient had clinical improvement and became strong 
enough to walk. Serum was drawn for determination of con- 
valescent viral titers on Jan 20, the 13th day after admission, 
and the patient was discharged. She returned on Feb 13 for 
repeat endomyocardial biopsy, which showed improvement, 
with few residual myocardial inflammatory cells and little 
residual fibrosis (Fig 3). 

After the second biopsy, we reviewed the patient's 
microbiologic studies. Blood and urine cultures obtained dur- 
ing the acute phase of the illness remained negative for 
bacterial growth, and urine, stool, and throat cultures remained 
negative for viral growth. Acute viral titers were unreveal- 
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mg. Convalescent titers tor coxsackieviruses Bl through B6 
and echoviruses 4, 9, 1 1 , and 30 were < 1 :8; however, an EBV 
serology panel taken on Jan 20, approximately 20 days after 
the patient's illness began, revealed an IgG anti-EBV viral 
capsid antigen titer of 1 :640. An anti-EBV early restricted an- 
tigen titer of 1 :40 was noted, with an anti-EBV early diffuse 
antigen titer of < 1:10; an anti-EBV nuclear antigen titer of 
1;20 was also noted. These antibody titers indicated recent 
infection with the Epstein-Barr virus. There was no history 
of infectious mononucleosis or EBV infection. Follow-up EBV 
serologies done on April 24 showed a decrease in the IgG anti- 
EBV viral capsid antigen titer to 1:320. The anti-EBV 
anti-EBV early restricted antigen titer persisted at 1:40, with 
early diffuse titer remaining at < 1 : 10; the anti-EBV nuclear 
antigen titer had increased to 1:40. Results of these studies 
were consistent with the expected immunologic response to 
a recent Epstein-Barr virus infection. 

DISCUSSION 

This patient had acute cardiovascular com- 
promise after a viral prodrome consisting of sore 
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-ri fil i nr 1 (A) Flnrttrnfinrrilngnm M p rns antatinn nn .I a n 7 IflflB rflvftalinfl pr o mi ne n t anterior ST segment elevation and pathologic Q waves. (B) Electrocar- 
diogram Jan 11, 1986 revealing slightly lowered anterior ST segments with persistent Q waves. (C) Electrocardiogram Jan 11, 1986 revealing total resolution 
of anterior ST segment elevation with substantial Improvement in anterolateral R wave voltage. 



throat, fever, and cough. The typical findings of EBV early restricted antigen. Studies have shown 

infectious mononucleosis, including splenomegaly, that "anti-early antigen responses are, as a rule, 

lymphadenopathy, and atypical lymphocytosis, transitory," and that "the mere presence of the 

were absent, but a specific serologic test antibody in a serum indicates, with few excep- 

demonstrated a recent Epstein-Barr virus infec- tions, a current or recent primary Epstein-Barr 

tion. Most significant was the 1 :40 titer of the anti- virus infection. " 5 It seems likely that the Epstein- 




FIGURE 2. Endomyocardial biopsy on Jan 10 shows widespread mononuclear In filtration, myocyifc degeneration, and focal fibrosis. (H & E. original magnifica- 
tion x 200) 
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Barr virus was the causative agent in this biopsy- 
proven case of acute myocarditis. 

Initially, the clinical findings in this patient were 
suggestive of acute myocardial infarction. Similar 
cases have been reported previously. Costanzo- 
Nordin et al, 6 recently reported two cases of 
biopsy-proven myocarditis that were initially sug- 
gestive of acute infarction. More specifically, pa- 
tients diagnosed as having EBV myocarditis us- 
ing cl i n i ca l criteria have h ad initial findings sug - 



sy has been associated with ischemic ECG changes 
and sudden death. Fish and Barton 3 reported the 
case of a 20-year-old with pleuritic chest pain and 
cough. The heterophil titer was 1 :448 and the ini- 
tial ECG revealed a new right bundle branch block 
with inverted T waves in leads II, III, and V M , 
He suffered a cardiac arrest and could not be 
resuscitated. Autopsy revealed inflammatory cells 
in the myocardium, consistent with acute myocar- 
di tis. Frishman et al 4 described * 14-year-nld mrl 



" . ' **^o 

gesting acute infarction. Miller et al 1 reported the 
case of a 17-year-old athlete who had left-sided 
chest pain that radiated to the left arm. Serial 
EGGs were consistent with an acute inferior 
myocardial infarction, and the heterophil titer was 
positive at 1:224. When cardiac catheterization 
showed normal coronary arteries, his illness was 
attributed to EBV infection. Butler et al 2 described 
a 29-year-old man with left-sided chest pain, 
myalgia, and sore throat. The ECG revealed ST 
segment elevation in leads II, III, aV F , V 5 , and 
V 6 . Cardiac isoenzyme levels confirmed myocar- 
dial injury, and a diagnostic rise in the anti-EBV 
IgG viral capsid antigen titer was documented. 
The patient's, illness was attributed to EBV 
myocarditis. 

Finally, EBV myocarditis documented by biop- 



sore 



with atypical lymphocytosis, fever, and 
throat. On the eighth day of her illness, she had 
cardiopulmonary arrest. Initial monitored 
rhythms showed ventricular fibrillation, and 
resuscitation was unsuccessful. Autopsy within six 
hours of death revealed myocardial mononuclear 
infiltrates, indicating recent myocarditis. 

SUMMARY 

We have reported the case of a 38-year-old 
white woman with substernal chest pain, hypoten- 
sion, and ECG changes suggesting acute anterior 
myocardial infarction. Cardiac catheterization 
revealed no coronary artery pathology, but severe 
global hypokinesia was noted on left ven- 
triculogram and endomyocardial biopsy revealed 
myocytic degeneration and mononuclear cell in- 
filtration consistent with acute viral myocarditis. 
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Viral serologies confirmed a recent Epstein-Barr 
virus infection. 
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Focal Glomerulosclerosis in Hodgkin's Disease 
Necessitating Peritoneal Dialysis 

BOBBY L. GRAHAM, JR., MD, JACK RUBIN, MD, JOE C. FILES, MD, and JIM NEAL, MD, 
Jackson, Miss 



The nephrotic syndrome has been well 
documented as an infrequent but clinically signifi- 
cant complication of Hodgkin's disease. 1 * 13 We 
report a case of focal segmental glomerulosclerosis 
(FGS) complicated by severe nephrotic syndrome 
and renal failure in a young man with Hodgkin's 
disease. 

CASE REPORT 

A 16-year-old white boy saw his personal physician in May 
1983 because of a two-week history of a flu-like illness and 
progressive generalized edema. There was no significant past 
medical history, Physical examination showed blood pressure 
of 146/100 mm Hg, bibasilar pulmonary rales, and anasar- 
ca. Serum creatinine value, BUN value, and 24-hour urine 
protein excretion were 2.4 mg/dl, 43 mg/dl, and 23,5 gm, 
respectively; one week later, they were 4.4 mg/dl, 82 mg/dl, 
and 30.5 gm, respectively. Creatinine clearance was 26 
mi/min. 

Renal biopsy revealed findings consistent with focal segmen- 
tal glomerulosclerosis. There were ten glomeruli, one of which 
had a small segmental area with irregular thickening of the 
basement membrane of the peripheral capillary loops. There 
were focal patchy inflammatory cell infiltrates composed 
predominandy of lymphocytes (Fig 1). Electron microscopy 
showed extensive effacement of foot processes without any 
electron-dense deposits. Immunofluorescence study was 
unremarkable. 

In an attempt to control proteinuria, steroids were given 
(three 1 gm injections of methylprednisolone sodium succinate 
[Solu-Medrol], followed by 60 mg of prednisone every other 
day for three weeks). Hemodialysis via a percutaneous 



femoral catheter was required on two occasions to control 
uremia and intravascular volume. After one month of unsuc- 
cessful treatment, including a trial of indomethacin, a 
peritoneal catheter was placed and the patient was trained to 
perform continuous ambulatory peritoneal dialysis. The 
therapeutic goal was to use the dialysis to control edema and 
diminish proteinuria by decreasing urine volume. Figures 2 
and 3 detail the daily urine volume, creatinine clearance, pro- 
tein excretion, and serum albumin and globulin values. 
Dialysis protein excretion was 2.3 gm on one day during the 
seventh week of treatment. Other than occasional nausea and 
one episode of peritonitis due to Staphylococcus epidermidis , the 
patient tolerated dialysis without significant morbidity. 



From the Department of Medicine, University of Mississippi Medical 
Center, Jackson. 

Reprint requests to Jack Rubin, MD, University of Mississippi Medical 
Center, 2500 N State St t Jackson, MS 39216. 




FIGURE 1. Glomerulus showing sclerotic segment, (PAM, original magnifica- 
tion x 100) 
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SPOTLIGHT 



Central role of the P2Y 12 receptor in platelet activation 

Robert T. Dorsam 1 ' 2 and Satya P. Kunapuli 1 * 2 ' 3 

department of Pharmacology, 

2 Sol Sherry Thrombosis Research Center, and 

3 Department of Physiology, Temple University Medical School, Philadelphia, Pennsylvania, USA 

Platelet activation occurs in response to vessel injury and is important for the arrest of bleeding. Platelet 
activation during disease states leads to vascular occlusion and ischemic damage. The P2Yi2 receptor, acti- 
vated by ADP, plays a central role in platelet activation and is the target of P2Yi2 receptor antagonists that 
have proven therapeutic value. 

/. Clin. Invest 113:340-345 (2004). doi:10.U72/JCI200420986. 



The vessel wall contains a continuous lining of 
endothelium that serves as a barrier between the cir- 
culating platelets and the prothrombotic suben- 
dothelial matrix (1). Upon vessel injury, the endothe- 
lial layer is disrupted and the circulating platelets are 
exposed to subendothelial proteins such as vWF, col- 
lagen, and vitronectin, among others (1). The platelets 
initially interact with the subendothelium through 
adhesive receptors, such as GPIb-IX-V receptors, that 
mediate rolling and tethering of the platelets to vWF 
at the site of vascular injury. 

Next, the platelet collagen receptors OC2P1 and GPVI 
mediate a more firm adhesion and cause further platelet 
activation. These initial interactions with the suben- 
dothelium cause the release of contents from the 
platelet dense granules, which contain platelet agonists 
such as ADP, and the cc-granules, which contain fib- 
rinogen, factor V, and P-selectin (1). The release of the 
granule contents causes further platelet activation, but 
it also fuels the coagulation response as a result of the 
release of factor V and fuels the inflammatory response 
through the exposure of P-selectin on the platelet sur- 
face. The platelet also generates lipid mediators such as 
thromboxane A2. ADP elicits its effects on the platelet 
through the P2Yi and P2Yi2 receptors (2), whereas 
thromboxane A2 activates the thromboxane-prostanoid 
(TP) receptor on the platelet surface (1). The released 
dense granule contents cause further platelet activation 
and recruitment of circulating platelets to the site of 
injury. Platelets interacting with these mediators also 

Address correspondence to: Sarya P. Kunapuli, Department of 
Physiology, Temple University, Room 224, Old Medical School, 
3420 N. Broad Street, Philadelphia, Pennsylvania 19140, USA. 
Phone: (215) 707-4615; Fax: (215) 707-4003; 
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(PAR); 2-methylthio-ADP (2-MeSADP). 



undergo platelet shape change, a process of actin 
cytoskeletal reorganization that changes the platelets 
from a disc shape to a round shape with long, filopodi- 
al extensions that form a meshwork of platelets in the 
platelet plug (3). Also, tissue factor is exposed, which ini- 
tiates the coagulation response that results in forma- 
tion of thrombin. Thrombin activates platelets via inter- 
actions with the proteinase-activated receptor- 1 (PARI) 
and PAR4 receptors (4) and also cleaves fibrinogen to 
form fibrin. Fibrin further stabilizes the accumulating 
platelet plug at the site of injury, resulting in a stable 
hemostatic plug. 

Interactions of the platelets with collagen, vWF, 
ADP, thromboxane A 2) and thrombin cause intracel- 
lular platelet signaling that leads to the activation of 
the heterodimeric integrin anbp3) also known as the 
fibrinogen receptor (5). The intracellular platelet sig- 
naling from these agonists causes the fibrinogen 
receptor to change from a low-affinity state to a high- 
affinity state that binds fibrinogen (6). Fibrinogen 
binds to the platelets via the activated fibrinogen 
receptor, and this cross-linking of platelets to fibrino- 
gen results in platelet aggregates that accumulate and 
arrest bleeding at the site of injury (Figure 1). Thus, 
platelet activation is the product of many signals orig- 
inating from many receptors, which each contribute to 
the formation of a platelet plug. 

Pathophysiologic conditions, such as atherosclerotic 
plaque rupture, can lead to aberrant platelet activation 
resulting in arterial thrombosis, which can cause 
myocardial infarction and ischemic stroke (6). The 
importance of ADP in this process has been demon- 
strated both by antiplatelet drugs that target the P2Yn 
receptor (2) and by patients with dysfunctional P2Yi2 
receptors (7). Antagonism of the P2Yn receptor with 
either ticlopidine or clopidogrel is clinically effective in 
the prevention of myocardial infarction, ischemic 
stroke, and vascular death (8). Despite the established 
role of the P2Yi2 receptor in the hemostatic response, 
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Figure 1 

The hemostatic process. Upon vessel injury, platelets roll and become tethered to the vessel wall by interactions with vWFand collagen (noted as 
black strands). These interactions cause platelet shape change, and release of ADP from dense granules. The activated platelet also generates 
thromboxane A 2 (TXA2). Both ADP and TxA 2 are agonists that cause further platelet activation and accumulation of platelets at the site of injury. 
Vessel injury also causes exposure of tissue factor, which catalyzes the coagulation response. This response results in the formation of thrombin, 
which further activates platelets and cleaves fibrinogen to form fibrin. The combination of activated platelets and fibrin at the site of injury forms 
a stable hemostatic plug that arrests bleeding. 



the full implications of P2Yi2 receptor antagonism in 
the prevention of thrombosis remain incompletely 
understood. It is hoped that more clinically effective 
P2Yi2 antagonists will prevent the incidence of 
ischemic events that stem from aberrant platelet acti- 
vation and therefore will be used as improved and suit- 
able treatments for thrombosis. 

The central role of the P2Y12 receptor: 
ex vivo effects 

Prior to the cloning of the P2Yi2 receptor, drugs that 
selectively target this receptor had been widely used as 
antiplatelet agents (2). Ex vivo studies used platelets 
treated with clopidogrel or reversible antagonists of the 
P2Yi2 receptor and led to the conclusion that the P2Yu 
receptor is crucial to several platelet functions. Thus 
far, studies have identified a potentiating role for the 
P2Yi2 receptor in dense granule secretion (9), fibrino- 
gen-receptor activation (10-14), and, as reported in a 
recent issue of the JCI, thrombus formation (15, 16), 



identifying it as a central mediator of the hemostatic 
response. This receptor is also important for the irre- 
versible platelet aggregation induced not only by ADP, 
but also by thromboxane A 2 and the PARI -selective 
peptide agonist SFLLRN (17, 18). The P2Y 12 receptor 
also causes inhibition of stimulated adenylyl cyclase 
(19, 20) but does not play any role in ADP-induced 
platelet shape change and intracellular calcium mobi- 
lization (17, 18). Furthermore, Gi signaling that is 
mediated by P2Yn receptor activation can lead to 
platelet aggregation when either G q or G 12/13 pathways 
are simultaneously stimulated (10, 1 1, 14), or by itself 
when exposed to high concentrations of ADP (100 (iM) 
(21). The P2Yi2 receptor plays a crucial role in ADP- 
mediated generation of thromboxane A2, another 
important platelet activator (22). Signaling events 
downstream of the P2Yt2 receptor also potentiate ago- 
nist-induced dense granule release and procoagulant 
activity (17). In addition, a-granule release and subse- 
quent expression of P-selectin on activated platelets 
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depend on P2Y^ activation (23, 24). Interestingly, all 
the functions of the P2Yi2 receptor can be mimicked by 
epinephrine, which stimulates members of the G; fam- 
ily of G proteins by binding to the platelet Ct2A receptor 
(17). Thus, the P2Ya receptor plays a central role in 
platelet activation, in the recruitment of other platelets 
to the site of injury subsequent to the adhesion of 
platelets to vWF and collagen, and in the enhancement 
of the efficiency of platelet activation by other agonists 
such as thrombin and thromboxane A2, which are gen- 
erated as secondary platelet agonists (Figure 2). 

The P2Yi2 receptor couples primarily to G(Xj2 and less 
prominently to other members of the Gi family, result- 
ing in the inhibition of adenylyl cyclase (25). Epineph- 
rine, through stimulation of the 0t2A receptor and 
resulting G z signaling, also achieves the same effect 
(26). However, reduced levels of cAMP are not directly 
responsible for the downstream effects of P2Yj.2 recep- 
tor activation (25, 26). Gj signaling leads to activation 
of PI3K, Akt, Raplb, and potassium channels (17). 
Mice lacking PI3K-yshow aberrations in platelet func- 
tion only when low doses of ADP are used, but are pro- 
vided protection from thromboembolism (27). Recent 
studies indicate that Raplb, Akt, and potassium chan- 
nels are important functional effectors downstream of 
P2Y )2 receptor stimulation (28-31) (Figure 3). 

Patients with defective P2Y12 receptor function 

Patients with a defect in the gene encoding the P2Y i2 
receptor have a congenital bleeding disorder (7, 32-35). 
A number of patients have been identified that have 



Figure 3 

Intracellular signaling events downstream of the P2Yi and P2Yi 2 
receptors. ADP binds to the P2Yt2 receptor and causes a number of 
intracellular signaling events downstream of the Gj pathway that con- 
tribute to fibrinogen receptor activation and platelet aggregation. 
The P2Yi2 receptor-mediated inhibition of adenylyl cyclase is not 
directly responsible for fibrinogen receptor activation. Potassium 
channels and PI3K are also activated by the P2Y12 receptor. Both 
Rap1 b and Akt are signaling mediators that contribute to platelet 
aggregation and are activated in a PI3K-dependent manner. Other 
mediators of P2Y12 signaling remain to be elucidated. 



Figure 2 

The central role of the P2Yi 2 receptor in platelet activation. Exposure 
of platelets to vWF and collagen results in the adhesion of platelets 
and subsequent release of ADP from dense granules. Similarly, acti- 
vation of platelets by thrombin or thromboxane A2 also results in 
release of ADP. Secreted ADP activates the P2Y 12 receptor (as depict- 
ed) and the P2Yt receptor (not shown). P2Y 12 receptor activation like- 
ly affects thrombus growth and stability by recruiting platelets to the 
site of injury, and by potentiating dense granule release, procoagu- 
lant activity, and aggregation. 



decreased aggregation responses to ADP and to low 
doses of other agonists such as collagen and thrombin 
(32-35). These patients generally have normal platelet 
shape change responses to ADP but have impaired abil- 
ities to inhibit adenylyl cyclase activity (33). While 
patients with defective P2Yj2 receptor function have 
dense granules that are normal in both numbers and 
content, platelet release of granules is generally decreased 
because of the potentiating effects of the P2Yi2 receptor 
on granule secretion (34). Patients and mice lacking 
functional P2Yi2 receptors have increased bleeding times 
(7, 32, 36). Patients who are heterozygous for the P2Yi2 
receptor bind intermediate amounts of 2-methylthio- 
ADP (2-MeSADP), an agonist of the P2Yi and P2Y i2 
receptors, and also have extended bleeding times (7, 34, 
37). Some patients with P2Yn receptor deficiency have 
been shown to possess a truncated form of the receptor 
due to deletions in the gene, whereas other individuals 
have mutations that lead to impaired P2Y J2 receptor 
function (38). Analysis of the P2Yn receptor sequence 
from a patient with impaired ADP responses has identi- 
fied amino acid residues important in P2Yn receptor 
function (35). A G-to-A mutation in one allele changed 
Arg256 into Gin, while a C-to-T alteration resulted in 
Arg265 changing to Trp (35). Though receptor number 
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Table 1 

In vivo effects of P2Yi 2 receptor blockade 



Species 


P2Y 12 blockade 


Injury/stimulus 


Embolization 


Bleeding time 


In vivo thrombus 


Ref. 










characteristics 




Rabbit 


AR-C69931MX 


Mechanical injury 


I 


Microvessel bleeding 


Size of thrombus 


15 


(mesenteric 






time unchanged 


reduced 




arterioles) 














Mouse 


P2Y 12 -'- 


Ferric chloride, 


T 


Tail bleeding 


Delayed, unstable, 


16 


(mesenteric 




tail bleeding 




time extended, 


n on occlusive 




artery) 






t time to occlusion 


thrombus 




Mouse 


P2Y u -'+ 


Ferric chloride, 


Unchanged from 


Unchanged from 


ND 


16 






tail bleeding 


wild type 


wild type 






Human 


Homozygous 




ND 


Extended from normal 


ND 


32-35 


Human 


Heterozygous 




ND 


Extended from normal 


ND 


34 



The role of the P2Yu receptor in thrombus formation and its effect on bleeding times have been characterized using pharmacologic antagonists, mice 
deficient in the P2Yi 2 receptor, and patients who have a mutation or truncation of the P2Y 12 receptor. Multiple species and models of thrombosis have 
been used to characterize the effect of P2Yi 2 blockade in vivo, leading to varying conclusions and interpretations. ND, not determined. 



and affinity for 2-MeSADP were unchanged, these muta- 
tions were demonstrated to lead to impaired Gj signal- 
ing in response to P2Yt 2 stimulation (35). Expressed 
P2Yi2 receptors containing these mutations had a simi- 
lar loss of function (35). Thus, these residues play an 
important role in the function of the P2Y t2 receptor but 
have no effect on the binding of ADP. 

Bleeding times 

The P2Yi2 receptor antagonist clopidogrel has been 
shown to be efficacious when occupying even 50% of 
the P2Yn receptor population (39); thus an antagonist 
of the P2Yn receptor could be an effective therapeutic 
even when 50% of the P2Y I2 receptors are functioning. 
Patients deficient in the P2Yi 2 receptor, such that their 
platelets bind only intermediate levels of 2-MeSADP, 
have slightly prolonged bleeding times (7, 34, 37). The 
P2Yu receptor has been cloned, and mice that are defi- 
cient in the P2Y i2 receptor have been generated. Con- 
sistent with observations in patients deficient in the 
P2Yi2 receptor, mice lacking the P2Yi2 receptor have 
increased tail bleeding times (19, 36, 40, 41). However, 
heterozygous mice show little or no change in bleed- 
ing times (16). It is currently unclear why a 50% 
decrease in the population of functional P2Yi 2 recep- 
tors, either following clopidogrel treatment or in 
humans heterozygous for the P2Yi2 receptor, prolongs 
bleeding time, while heterozygous mice show little 
change in bleeding time (Table 1). 

Role of the P2Y 12 receptor in shear-induced 
platelet activation 

Pharmacologic blockade of the P2Yi 2 receptor in phys- 
iologic conditions of arterial flow revealed that this 
receptor is essential for platelet aggregation under 
shear conditions. Blood from a patient with defective 
P2Yi 2 receptors, or normal blood treated with the 
reversible P2Y J2 receptor antagonist AR-C69931MX, 
exhibited small and loosely packed thrombi, whereas 
normal individuals formed large, densely packed 
thrombi in physiologic flow experiments (42). P2Yn 



antagonism also decreased shear-induced platelet 
aggregation; however, greater inhibition was achieved 
by antagonism of both the P2Yj 2 and P2Yj receptors 
(43). P2Yi2 antagonism has also been shown to decrease 
P-selectin expression and microparticle formation that 
is initiated by platelet interactions with vWF (44). Thus, 
the P2Yi2 receptor also plays a role in the formation of 
platelet aggregates under shear conditions and con- 
tributes to thrombus formation on surfaces coated 
with either collagen or vWF. 

Clinical implications of P2Y 12 blockade 

Consistent with the central role of the P2Yn receptor 
in thrombosis, P2Yj 2 receptor antagonists reduce 
occlusive thrombosis in animal models. Clinical stud- 
ies using clopidogrel demonstrate a significantly 
reduced risk of peripheral artery disease, myocardial 
infarction, ischemic stroke, or vascular death, in com- 
parison with aspirin therapy (8). Combination thera- 
py with both clopidogrel and aspirin has been shown 
by the CURE (Clopidogrel in Unstable Angina to Pre- 
vent Recurrent Ischemic Events) study to result in 
enhanced beneficial effects, and this has led to FDA 
approval of clopidogrel for the treatment of some 
acute coronary syndromes (45). An ongoing trial for 
the Management of Atherothrombosis with Clopido- 
grel in High-Risk Patients with Recent Transient 
Ischemic Attack or Ischemic Stroke (MATCH) is 
expected to test the effectiveness and safety of com- 
bined clopidogrel plus aspirin therapy versus clopido- 
grel only in patients who have experienced a transient 
ischemic attack or ischemic stroke (46). The results of 
this trial will further clarify the efficacy of combina- 
tion therapy. Despite its beneficial effects, clopidogrel 
has been shown to cause the development of the 
immune-mediated syndrome thrombotic thrombocy- 
topenic purpura (47). 

The benefits of P2Yi 2 antagonism have been validat- 
ed by multiple clinical trials, but some of the charac- 
teristics of the present P2Y 12 antagonists could be 
improved. The metabolism of clopidogrel to its active 
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form is required before the onset of drug action is 
achieved, and an interaction with the cholesterol-low- 
ering drug atorvastatin, which also requires hepatic 
metabolism by cytochrome P450 3A4, has been identi- 
fied (48, 49). Post hoc analysis of clinical studies where 
patients received both clopidogrel and atorvastatin 
found beneficial effects of clopidogrel in both the pres- 
ence and the absence of atorvastatin, suggesting that 
the interaction between the two pharmacologic agents 
does not alter the clinical effect of clopidogrel (50). 
Another study also found no difference in the clinical 
outcome of patients taking clopidogrel with atorvas- 
tatin or with other statins (51). The clopidogrel 
metabolite irreversibly blocks P2Yi2 receptor function 
for the lifespan of the platelet. Hence, prior to surgery, 
clearance of clopidogrel-treated platelets is necessary to 
prevent bleeding complications. Thus, new research 
efforts are aimed at discovering faster- acting, reversible 
P2Y 12 receptor antagonists that would allow more con- 
trol over antiplatelet treatments. 

In vivo analysis of thrombus growth and stability 

With the established role of the P2Y i2 receptor as the 
central point of thrombus formation, in vivo analysis 
wiD clarify the mechanism by which the P2Yi2 receptor 
contributes to thrombus growth and stability. Multiple 
studies have begun to characterize the effects of either 
P2Yu antagonism or P2Y] 2 knockout on the formation 
of a thrombus using various models of vessel injury. A 
recent report by van Gestel et al. (15) investigated the 
effect of the P2Yu receptor antagonists AR-C6993 1MX 
and clopidogrel on in vivo thrombus growth and sta- 
bility (Table 1). Mechanical injury of mesenteric arteri- 
oles in rabbits treated with AR-C69931MX or clopido- 
grel resulted in decreased thrombus height (20% 
reduction) within the vessel but no change in the bleed- 
ing time of the vessel (15). P2Yi2 receptor blockade sig- 
nificantly reduced the total duration of embolization 
with fewer and smaller emboli being produced, and it 
also reduced the size of the initial thrombus without 
affecting its stability (15). Thrombin generation was 
decreased in the AR-C69931MX-treated mice, suggest- 
ing that the P2Yi2 receptor contributes to the procoag- 
ulant response (15). In clopidogrel-treated mice, throm- 
bosis scores were significantly reduced compared with 
those in controls (52). In addition, there was a delay in 
the time of initial thrombus formation in the clopido- 
grel-treated mice (52). Treatment with AR-C69931MX 
also decreased the reocclusion rate and improved 
myocardial tissue perfusion in a canine model of coro- 
nary electrolytic injury (53). Andre et al. (16) used sever- 
al approaches to explore the effects of P2Y ]2 receptor 
deficiency on thrombus formation. FeCl3-induced ves- 
sel wall injury of the mouse mesenteric artery resulted 
in occlusion of the wild- type mouse vessel; however, the 
P2Yi2-deficient mouse vessel remained unoccluded in 
eight out of nine mice (16). The appearance of the first 
thrombus was delayed and only small "unstable" 
thrombi formed in P2Y12™/" mice (16). There was 



increased embolization from the thrombus of P2Yi2- 
deficient mice (16). Contrary to the observations of van 
Gestel et al. (15), more embolization occurred in the 
P2Yi 2 - / ~ mice compared with wild-type or heterozygous 
mice. The differences between these studies are likely 
due to differences in both species (rabbit versus mouse) 
and experimental parameters (mechanical injury versus 
FeCl 3 injury) and represent the beginning of our under- 
standing of the effects of P2Yi 2 antagonism on throm- 
bus formation in vivo. 

Data on the role of the P2Yi2 receptor in platelet acti- 
vation and thrombus formation suggest that this recep- 
tor is important for the potentiation of many platelet 
responses and for the formation of a stable hemostatic 
plug. The tools available for the analysis of P2Yi2 recep- 
tor function have facilitated characterization of the 
implications of P2Yi2 antagonism, though the studies 
performed thus far also raise more questions. The dif- 
ferences in embolization between homozygous and het- 
erozygous mice observed by Andre et al. (16) raise sev- 
eral important questions. Would complete blockade of 
the P2Yi2 receptor be a better therapeutic goal, and 
would it be more beneficial than clopidogrel because of 
abolished receptor function? Why do results differ 
depending on the use of a P2Yi2 receptor antagonist as 
opposed to the use of P2Yn receptor-knockout mice? 
Is the reason for the increased bleeding times observed 
in patients and mice lacking the P2Yj2 receptor due to 
unstable thrombus formation or the small size of the 
thrombus? What are the reasons for differences in 
embolization in the studies thus far? Answers to these 
questions are important because, ultimately, definition 
of the central role of the P2Yn receptor would translate 
into the development of a more effective antithrom- 
botic agent, and the answers would affect treatment 
modalities. The models for thrombus formation have 
provided varying results regarding the effect of P2Yn 
antagonism and/or knockout on thrombus size and 
embolization. The method of vessel injury, vessel size, 
and species differences must be considered in the inter- 
pretation of the effects of P2Yi? antagonism on throm- 
bus formation. Of course, it is the clinical data that will 
determine the effectiveness of such therapies, but it is 
the models of thrombosis that will guide the efforts 
toward new and improved P2Yi2 antagonists. Thus, the 
large amount of data obtained using clopidogrel treat- 
ment, and the studies of van Gestel et al. (15) and Andre 
et al. (16), may herald the beginning of a new era in 
antithrombotics. 
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